
Morphogenesis throughout saprobic and parasitic cycles of Coccidioides immitis 

M. Huppert, S. H. Sun & J. L. Harrison 
Audie L. Murphy Memorial Veterans Hospital and University of  Texas Health Science Center, San Antonio, 
TX 78284, USA 

Abstract 

The fungus, Coccidioides immitis, differs from other dimorphic pathogens in that its parasitic stage is a 
complex morphogenic cycle, raising the question that changes in structure and composition during 
morphogenesis might influence host responses. As a prelude to examining the interaction of fungal 
morphogenesis and host responses, the life cycle of this fungus has been examined in greater detail than 
previously accomplishe d. During saprobic development, alternating enterothallic arthroconidia are formed 
as infectious propagules. The outer wall is broken and loosely adherent. Under in vitro conditions supporting 
the parasitic cycle, multinucleate arthroconidia transform into uninucleate round cells. Rapid, synchronous, 
nuclear replication is initiated, accompanied by increase in cell mass and deposition of new cell wall 
substance. As karyokinesis ceases, morphologic differentiation begins with invagination of the inner layers of 
the spherule wall and then is progressive, eventually segmenting the protoplasm into uninucleate endospores 
grouped in clusters within a hyaline membrane. Endospores, escaping through a break in the spherule wall, 
are held in aggregates by fibrils which are stretched and broken as endospores separate. It would seem that 
rapid production of hundreds of progeny from an original single cell, protected during development by an 
enclosing spherule wall and then released in clusters, should favor establishment of the fungus in a host, and 
dynamic changes in the cell wall during morphogenesis should influence the host response. 

Introduction 

Infection of animals, including man, is an acci- 
dental event in the natural life history of Cocci- 
dioides immitis. This fugus exists in the soil of 
semiarid regions of the Western Hemisphere and 
infection of animals is not a requirement for 
perpetuation of the species. C. immitis has a 
complete life cycle as a saprobe in its natural habitat 
(23), and this is reproduced in the laboratory on 
common culture media at either ambient or incuba- 
tor temperatures. In nature and under usual labora- 
tory conditions, the fungus develops a mycelial 
colony with different isolates varying in texture and 
pigmentation of aerial hyphae, gray to white being 
most common (17). Propagation of the species is 

achieved by formation of alternating enterothallic 
arthroconidia in the aerial hyphae. The terminol- 
ogy, arthroconidia replacing arthrospores, is used 
in accordance with the recommendation of the First 
International Specialists' Workshop and Confer- 
ence on Criteria and Terminology in the Classifica- 
tion of Fungi Imperfecti (18). The arthroconidia 
secede readily from the thallus, and are dispersed by 
wind as the soil dries after the rainy season. The 
airborne arthroconidia are infectious for man and 
animals. In the host and under special growth 
conditions in the laboratory, arthroconidia trans- 
form into round cells which mature into spherules 
containing many endospores. Release of endo- 
spores initiates a second cycle of cells developing 
into endosporulating spherules, and this is repeti- 
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tive within the infected host. These characteristics 
are illustrated diagramatically in Figure 1. 

This pattern of colony characteristics and micro- 
scopic morphology in the saprobic phase is not 
unusual (10, 28). Although many species of fungi 
resemble C. immitis, it is unique in three aspects. 
First, it is the only species among those forming 
alternating arthroconidia known to be a primary 
pathogen capable of producing systemic disease. 
Second, C. immitis is dimorphic; i.e., its saprobic 
and parasitic forms are morphologically distinct. 
The parasitic form, however, is not a yeast as most 
dimorphic pathogenic fungi, but attains its ultimate 
and characteristic expression as an endosporulat- 
ing spherule. Third, the parasitic stage occurs in a 

I 
r 

@J 
@K 

s O 
PARASITIC CYCLE O @ 

Q-@__@@ 
Fig. l. Life cycle of C. immitis illustrating the saprobic cycle 
(A-E) and transformation (A, F-H) into the parasitic spherule- 
endospore cycle (H-S, H). (Reproduced from 33 by permission.) 

morphogenetic cycle rather than a single mor- 
phologic form. Thus, C. immitis differs signifi- 
cantly from other saprobic and parasitic fungi. 

Since C. immitis undergoes cyclical morphogen- 
esis, it is pertinent to ask whether changes in 
structure and composition might affect host re- 
sponses. There is some evidence supporting this. 
Liberated endospores attract an intense neutrophil 
response, but mature spherules are surrounded by 
monocytes and giant cells (11, 12). Immunogenicity 
is associated with the cell wall (19) and increases as 
cells mature from arthroconidia or endospores to 
spherules (21). As a prelude to studying the impact 
of morphogenesis on host response, we have char- 
acterized morphogenetic development throughout 
these cycles. Studies of nuclear cytology by light 
microscopy and of morphology by transmission 
electron microscopy (TEM) have been published by 
us (33, 34) and by others (3, 8, 20, 25, 26). Here we 
present our observations using scanning electron 
microscopy (SEM), collating these withour previ- 
ous studies. We have focused on the cell wall as the 
primary site of interaction between host and para- 
site. Several morphogenetic features, some demon- 
strated for the first time, are considered for poten- 
tial impact on host responses, including a loosely 
adherent outer wall layer on arthroconidia, rapid 
formation within a thick-walled shell of hundreds 
of progeny derived from a single cell, and release of 
these progeny held in clusters by a membrane and 
connecting fibrils. The saprobic cycle is included 
for three reasons: (a) this leads to the development 
of the infectious propagule; (b) most of the antigens 
used for studying the host response have been 
prepared from saprobic growth; and (c) the life 
history of C. immitis would not be complete 
without it. 

Materials and methods 

Four isolates of C. immitis were studied by SEM; 
Silveira (ATCC 28868), C60, C566, and C606. The 
first two are old isolates, obtained originally from 
humans but maintained in stock culture for many 
years, and the last two are recent clinical isolates. 
Cultures were grown on 1% glucose-0.5% yeast 
extract agar, and arthroconidia were harvested by 
the spinning magnetic bar technic described pre- 
viously (33, 34). 
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Two procedures were used for obtaining cells to 
be processed for SEM. A slide culture method was 
used for making most of the preparations from 
both saprobic and parasitic stages. Round cover- 
slips (12 mm diameter) were autoclaved, dried, 
precoated with a thin film of 0 . 1%Ionaga r  #2 
(Oxoid), and dried thoroughly in a sterile con- 
tainer. These were pressed lightly on small agar 
blocks (3-4 mm 2 X 2.5 mm deep) which had been 
inoculated on the surface with 0.2 ml of an arthro- 
conidia suspension containing approximately 108 
cells per ml. Two types of agar and nutrients were 
used to  obtain optimal growth conditions for each 
cycle. The saprobic stages were cultivated on 
1% glucose-0.5% yeast extract in 1.5% agar (Difco) 
and incubated at 30C. The parasitic stages were 
grown on modified Converse medium (21) in 1% 
Ionagar #2 and incubated at 40C in an atmosphere 
of 20% CO2-80% air (Modular  Incubator Cham- 
ber, Billups-Rothenberg). The slide culture assem- 
blies were maintained in moist chambers. Cover- 
slips with adherent growth and agar blocks were 
processed separately for SEM. The slide culture 
method is advantageous because stages of morpho- 
genesis can be monitored microscopically. 

The second method was used only for the para- 
sitic cycle. Sterile filter membranes (13 mm, 0.4 #m 
pore size, Nuclepore) were placed on the surface of 
modified Converse medium in 50 • 12 mm box- 
type petri dishes (Falcon 1006). The membranes 
were inoculated and incubated as described above. 
Membranes were removed at intervals and trans- 
ferred to a stainless steel Swinny filter holder 
(Gelman) to facilitate processing for SEM. 

Specimens were fixed (6% glutaraldehyde and 
1% OsO4), washed in buffer (0.1 M sodium caco- 
dylate, pH 7.1-7.4) and dehydrated (ethanol fol- 
lowed by amyl acetate in ethanol) according to the 
procedure of Cole and Samson (5). After critical 
point drying (Bomar SPC-900/EX), specimens 
were attached to aluminium stubs with conductive 
silver paint and coated with gold-palladium (60:40). 
The specimens were examined at 30 KV in an ISI-40 
or Phillips 5000 scanning electron microscope. 
Selected stages in both cycles were photographed 
with Polaroid Type 55 Positive/Negative Film 
(9 X 12 cm), and the negative was printed on Kodak 
Polycontrast Rapid II RC paper. 

Results 

The principle morphological events for all four 
isolates were essentially the same, and, except 
where indicated, the following descriptions apply to 
all isolates. 

Saprobic cycle 

The cell wall of the harvested arthroconidium 
(Fig. 2) has two main components: an outer elec- 
tron opaque layer and an inner electron translucent 
layer, approximately 0.1 # and 0.2 # in thickness, 
respectively. These will be referred to as the outer 
wall (OW) and inner wall (IW) although the latter 
is, and the former may be, multilayered. The IW 
envelops the arthroconidium completely, but the 
OW is a remnant of the wall from the parent fertile 
hypha and adheres to the arthroconidium in irreg- 
ular folds. The intrahyphal ends of the cell are 
recognized by the broken tags of OW projecting 
beyond the arthroconidium. When cultured under 
conditions favoring mycelial growth, one or more 
germ tubes are formed (Fig. 3). There is no evidence 
for polarized growth since germ tubes may pene- 
trate the wall either at the intrahyphal ends or 
through the sides of the arthroconidium. The OW 
may be shed or remain adherent, but the innermost 
layers of the IW are continuous along the advanc- 
ing germ tube. Nuclear replication occurs early and 
the nuclei flow into the germ tube. The mycelium is 
composed of septate hyphae (Fig. 4) with a simple 
septal pore and Woronin bodies, indicating an 
ascomycetous relationship. Differentiation of fer- 
tile hyphae into arthroconidia is initially apparent 
as alternating light and dark areas by SEM 
(Fig. 5A). The light areas are arthroconidial initials 
with thickening walls, and the dark areas are thin 
walled, intercalary cells destined to degenerate (5). 
Lomasomes (Fig. 5B) are apparent in the young 
fertile hyphae, and their spacing approximates 
septum formation. Maturing arthroconidia (Fig. 6) 
are separated from adjacent cells by a multilayered 
transverse septum derived from the IW of each cell 
(i.e., a double wall), but the OW is continuous along 
the hyphal filament and does not participate in the 
new wall enclosing the arthbroconidium. Separa- 
tion and secession of the matured arthroconidium 
(Fig. 7) occur following autolysis and wall collapse 
of the intercalary cell. Production of arthroconidia 
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Fig. 2. Arthroconidium separated from parent fertile hyphae. IW, inner wall layers; OW, outer wall layers; RW, remnants of OW of 
disintegrated cell; N, nucleus. Bars = 1 /~. (Figure 2B reproduced from 34 by permission.) Fig. 3. Germinated arthroeonidium. G, germ 
tube; IW, OW, RW, and N. as in Figure 2. Bars = 1 /~. (Figure 3B reproduced from 34 by permission.) 
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Fig. 4. Mycelial development. SP, septal pore; WB, Woronin body. Bars = 10 # in A and 1/~ in B. (Figure 4B reproduced from 34 by 
permission.) Fig. 5. Development of fertile hyphae. A, arthrnconidial primordium; DC, disintegrating cell; L, lomasome. Bars = 1 #. 
(Figure 5B reproduced from 34 by permission.) 
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Fig. 6. Maturing fertile hyphae. A, arthroconidium; DC, disintegrating cell; DW, double wall. Bars = 1 tz. (Figure 6B reproduced from 
34 by permission.) Fig. 7. Mature arthroconidia ready for secession by collapse of disintegrating cell. A, arthroconidium; DC, 
disintegrating cell. Bars = 1 ~. (Figure 7B reproduced from 34 by permission.) 



in an alternating sequence suggests that certain cells 
are programed to become arthroconidia and others 
to degenerate. 

Parasitic cycle 

When mature arthroconidia are cultured under 
conditions inducing transformation, the earliest 
event detected is a swelling and rounding of the cell 
and a change in nuclear cytology. Mature arthro- 
conidia are multinucleate (Fig. 8A), dikaryons 
being most common. After approximately 8 h 
under transformation conditions, the cells contain 
a single nucleus (Fig. 8B) which is 2-3 times larger 
and stains less intensely than nuclei in arthroconi- 
dia. Whether this represents karyogamy or degen- 
eration of all but one nucleus is unknown. The 
temporal sequence for succeeding stages in the 
parasitic cycle is strain dependent, varying from 2-5 
days for different isolates and not associated with 
age as a laboratory culture. The round cells are 
again multinucleate by 24 h (Fig. 9). The OW is 
irregular and loosely adherent, probably remnants 
of the arthroconidial OW. During continued incu- 
bation, the round cell enlarges, multiple nuclear 
replications occur (Fig. 10A), and these are syn- 
chronous based on the observation that when 
mitotic figures are present almost all nuclei are 
involved (Fig. 10B). 

It appears to us that, at some point between O 
and Q in Figure 1, nuclear replication ceases and 
segmentation of the protoplasm begins. We do not 
find any karyokinesis during this period in contrast 
to earlier stages in which it is frequently apparent 
and readily demonstrated. Segmentation begins 
with invagination of the two innermost layers of the 
multilayered, electron transparent IW (Fig. i 1). 
Since this invagination is composed of wall layers 
and plasma membrane from both sides of its origin, 
it contains initially at least four layers with an outer 
limiting plasma membrane, but the middle two 
layers, the more electron dense, appear to fuse. The 
OW surface is irregularly folded. Since the cell 
surface area is now about 12-fold greater than that 
of the arthroconidium, it must contain new wall 
substance rather than only remnants of the original 
OW of the arthroconidium. Segmentation of the 
protoplasm is progressive from a primary plane 
throughsecondaryand successive planes (Fig. 12A), 
resulting eventually in the formation of endospores 
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(Fig. 12B). Immediately prior to natural release 
from spherules, endospores are uninucleate and 
clustered in packets within a hyaline membrane 
(Fig. 13). Naturally released endospores are still 
held in clusters by fibrils (Fig. 14A) as they escape 
through a break in the spherule wall which remains 
as a shell (Fig. 14B). These fibrils cover the 
en.dospores in a meshwork (Fig. 15) and bridge 
spaces between endospores (Fig. 15B), but they 
soon break apart. It appears to us that after the 
spherule wall breaks open, the sac-like hyaline 
membrane dries to a thread-like structure covering 
the endospores and then is stretched and twisted 
into fibrils between endospores as they begin to 
separate. It is also likely that the membrane derives 
from the segmentation apparatus. The parasitic 
cycle initiated with endospores, beginning at stage 
H in Figure 1, follows the same morphogenetic 
pattern. 

When cells of the parasite cycle are cultured 
under conditions favoring saprobic growth, germ 
tube formation depends on the maturation stage of 
the cell at the time of transfer. Endospores develop 
only one germ tube (Fig. 16) which is consistent 
with a uninucleate state. Cells transferred at later 
stages of maturation usually form multiple germ 
tubes (Fig. 17) reflecting a multinucleate condition. 
Septum formation is delayed with endospores but 
occurs early among cells in later stages of matura- 
tion. In both cases, the OW is penetrated and left 
behind, but the IW is continuous along germ tubes. 

Discussion 

We have addressed the question of whether host 
responses might vary with different fungus cell 
stages throughout the morphogenetic cycle of C. 
immitis. Based on available information, the hypo- 
thesis formulated was that these fungus cells at 
several stages of morphogenesis do induce and elicit 
different host responses and that these might bedue 
to either qualitative or quantitative differences in 
macromolecular composition. It seemed reasonable 
to first examine morphogenesis in considerably 
more detail than was available currently. 

The developmental stages in the saprobic cycle of 
C. immitis are similar to those described for other 
fungi propagating by alternating enterothallic 
arthroconidia. Germination of an arthroconidium 
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Fig. 8. Multinucleate arthroconidia (A) and rounded uninucleate cells (B) after approximately 8 b incubation under transforming 
conditions. A, arthroconidium; DC, disintegrating cell. Bars = 1 #. (Both figures reproduced from 33 by permission.) Fig. 9. Round 
multinucleate cell after 8-24 h (strain dependent) incubation under transforming conditions. N, nucleus; Nu, nucleolus; RW, remnants 
of outer wall of arthroconidium. Bars = 1 #. 
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Fig. 10. Nuclear replication during 2448  h (strain dependent) of maturation in spherule-end ospore cycle. Cell walls have been digested 
to aid staining of nuclei. N, nucleus; DN, dividing nucleus. Bars = 1 #. (Both figures reproduced from 33 by permission.) Fig. 11. Young 
immature spherule at approximately 48 h (strain dependent) showing initiation of primary segmentation apparatus. N, nucleus; Nu, 
nucleolus; PS, primary segmentation apparatus; RW, remnants of arthroconidial outer wall. Bars = 1 #. (Figure 1 ! B reproduced from 
34 by permission.) 
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Fig. 12. Formation of endospores by progressive segmentation of protoplasm. E, endospore; PS, SS, and TS are primary, secondary and 
tertiary segmentation planes, respectively. Bars = 1 #. (Both figures reproduced from 34 by permission.) Fig. 13. Endospores enclosed in 
a hyaline membrane (A) and uninucleate endospores (B) immediately prior to natural release from spherules. E, uninucleate endospore; 
HM, hyaline membrane; SW, spherule wall. Bar = 1 # in A and 10 # in B. (Figure 13B reproduced from 33 by permission.) 
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Fig. 14. Naturally released endospores held in clusters by fibrils (A) and leaving spherules as empty shells (B). E, endospore; F, fibril; SW, 
spherule wall. Bars ---- 10 #. Fig. 15. Recently released endospores encased in network of fibrils (A) which are stretched and broken as 
endospores separate (B). BF, broken fibril; F, fibril network. Bars = 1 #. 



Fig. 16. Germinating endospore after transfer to conditions favoring mycelial growth. G, germ tube; IW, inner wall; OW, outer wall. 
Bars = 1 #. Fig. 17. Young immature spherule germinating at multiple sites. G, germ tube; IW, inner wall; OW, outer wall; S, septum; SP, 
septal pore. Bars = 10 t~. (Figure 17B reproduced from 34 by permission.) 



leads to mycelial growth composed of septate 
hyphae with simple septal pores and Woronin 
bodies (Fig. 4B). The ontogeny of arthroconidia 
appears identical to that described by Cole and 
Samson (5) in other similar, but nonpathogenic, 
species. Certain cells in the fertile hyphae are 
destined to become arthroconidia and others to 
degenerate. The characteristic of alternating ar- 
throconidia is not absolute, but it is so predominant 
that genetic programing must be involved. It is 
difficult to explain this selection of sequential 
surviving and degenerating adjacent cells in a single 
hypha on any other basis. In addition, autolysis of 
protoplasm and cell wall in the degenerating cell 
must be exquisitely controlled to insure viability of 
arthroconidia and survival of the species. Initially, 
all cells in the fertile hyphae are separated by a 
double wall (Fig. 6B). Autolysis in cells destined to 
degenerate proceeds from cytoplasm to plasma- 
lemma to cell wall, but the arthroconidial share of 
the double wall remains intact (Fig. 7B). Either the 
thin, electron dense layer in the middle of the 
double wall is impervious to the autolytic process, 
or autolysis is terminated by a programmed signal, 
possibly a feedback from a degradative product. At 
this point the degenerated cells are essentially 
empty shells with thin fragile walls subject to 
collapse (Fig. 7A), fracture (Fig. 7B), and dis- 
articulation of arthroconidia. 

Relatively little is known about mechanisms 
controlling induction and transformation of ar- 
throconidia into the parasitic cycle. The modified 
Converse medium contains basal salts with dex- 
trose and with ammonium acetate as the sole source 
of nitrogen. This consistently induces transforma- 
tion of arthroconidia into the spherule-endospore 
cycle when cultures are incubated at 40C in an 
atmosphere of 20% COz-80% air. The in vitro 
requirement for minimal nutrients appears incon- 
sistent with the fact that the spherule-endospore 
cycle is maintained in the host in the presence, 
presumably, of rich organic nutrients. Further- 
more, several investigators have produced this 
transformation in fertile chick eggs (4, 24) and in 
tissue cultures, using HeLa cells (2) or polymor- 
phonuclear leukocytes (1). Two possibilities merit 
consideration. Either the inductive and directive 
molecular mechanisms in the in vitro system differ 
from those in host systems, or the species is 
programmed to respond to unfavorable environ- 
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ments by transformation into the spherule-endo- 
spore cycle with either minimal nutrient Supply in 
vitro or host cell response in vivo triggering the 
transformation. The latter hypothesis appears more 
plausible. We have matched morphological stages 
in experimentally infected mice with those seen in 
the in vitro system (33). In addition, figures and 
descriptions by Donnelly and Yunis (8) of spherules 
and endospores demonstrated by TEM in human 
necropsy material also match in vitro parasitic 
forms. Endospores occurred in clusters, and their 
outer wall appeared 'granular and fibrillar' sug- 
gesting 'that they consisted of overlapped, nearly 
thatched layers of fibrils' which resembled the 
material that 'lay between closely apposed sporan- 
giospores' within spherules. These descriptions re- 
semble the meshwork of fibrils covering endospores 
which, in our opinion also, are derived from the 
segmentation apparatus. Thus, the observable 
morphological events appear identical in both in 
vitro and in vivo systems, but the genetic and 
molecular mechanisms which govern and execute 
the transformation remain unknown. 

The first spherule-endospore cycle is initiated by 
an arthroconidium, but succeeding cycles derive 
from endospores, and there may be a fundamental 
difference in nuclear ontogeny of each one. The 
mature arthroconidium is multinucleate (Fig. 8A), 
but becomes uninucleate (Fig. 8 B) early in the trans- 
formation period. Either karyogamy has occurred, 
or all nuclei but one have degenerated. In contrast, 
present evidence indicates that uninucleate endo- 
spores derive from progressive segmentation of the 
multinucleate protoplasm in the maturing spherule. 
We cannot exclude the possibility of karyogamy at 
some point during the maturation period, but 
careful study of successive preparations shows only 
a period of rapid nuclear replication (Fig. 10) 
followed by a period in which all nuclei appear in 
interphase while segmentation proceeds (Fig. l l, 
12). Thus, although each spherule-endospore cycle 
begins with an uninucleate cell, the first cycle 
originates from a multinucleate cell in which all but 
one nucleus have disappeared while succeeding 
cycles originate from primary uninucleate cells. 

Several distinct stages in the spherule-endospore 
cycle appear programed. There must be molecular 
signals which initiate rapid and synchronous 
nuclear replication, and then cessation of the 
nuclear replication and induction of the segmenta- 
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tion apparatus. In addition, we do not know 
whether release ofendospores is entirely mechanical 
and caused 'by increasing internal pressure, or if 
there is a control mechanism functioning to weaken 
a localized area of the spherule wall and timed to 
insure maturation of endospores before release. 
There is much to be learned about molecular 
mechanisms and genetic programing which govern 
morphogenesis in each cycle and transition from 
one to the other. 

The immunology of coccidioidomycosis has been 
examined with extracts containing multiple anti- 
gens (15, 16). These have served remarkably well as 
aids for diagnosis and prognosis (9, 29-31), but 
additional knowledge of the host-parasite interac- 
tion in this mycosis, especially as a model of 
infection in which CMI is determinative, will 
require identification of significant antigens and 
correlation with morphogenesis in the parasitic 
cycle. Growth and differentiation should be asso- 
ciated with both qualitative and quantitative 
changes in macromolecules and, in the case of a 
pathogen, these might induce or elicit different host 
responses. 

The available information about immunological 
responses induced or elicited by cells or cell walls 
from stages in the life cycle of C. immi t i s  indicates 
that differences exist. Although disseminated cocci- 
dioidomycosis is referred to generally as a granulo- 
matous disease, the overall histopathology is one of 
mixed suppurative and granulomatous responses 
(13, 14), and the former is associated primarily with 
released endospores, and the latter with spherule 
development (11, 12). This evidence from the host 
cell response suggests that endospores differ from 
cells in later stages of maturation. Tarbet and 
Breslau (35), using histochemistry, found no phos- 
pholipid in walls of endospores but increasing 
amounts as cells matured to spherules. In contrast, 
the outer layer of endospores was rich in mucopoly- 
saccharide which was inconstant in spherules and 
only in vacuoles when present. They suggested that 
these differences might be related to the primarily 
polymorphonuclear cell response to endospores 
and mononuclear cell response to spherules. Collins 
and Pappagianis (6) reported that cell walls of 
mature endosporulating spherules were markedly 
reduced in thickness by both chitinase and lyso- 
zyme, but walls of immature spherules were not 
affected by the enzymes. In addition, 19% of 

washed spherule wall was solubilized as glucose by 
chitinase, which contained/~(1 ~ 3)-glucanase, but 
none was obtained from endospore walls. Anti- 
genic differences among fungus cells were found 
with respect to complement fixation (CF) and tube 
precipitin (TP) reactivity (7). When washed walls 
from immature (6-12/~m) and mature (30-35 #m) 
spherules were incubated with lysozyme, chitinase, 
or buffer without enzyme, CF and TP reactive 
antigens were detectable in all supernatants from 
mature spherule walls, but walls from immature 
spherules yielded only TP antigen in the super- 
natant from chitinase treatment. Since chloroform 
was used in all suspensions to kill cells and prevent 
contamination, and probably affected cell mem- 
brane permeability, the cellular location of these 
antigens needs confirmation. It should be noted, 
however, that cell walls were washed extensively 
and adsorption of cytoplasmic antigens was prob- 
ably minimal. Levine et al. (21) demonstrated that 
vaccination with formalin killed cells induced resis- 
tance in mice to respiratory challenge with arthro- 
conidia, and that vaccine efficacy was best with 
spherules, less with endospores, and least with 
arthroconidia. Since comparable protection was 
achieved with isolated spherule walls (19), Levine et 
al. (22) suggested that 'the morphogenetic devel- 
opment of the endospore was accompanied by 
antigenic changes in its wall and these accounted, at 
least in part, for the spherule's immunogenicity.' 
Thus, cells of C. immi t i s  during stages of matura- 
tion exhibit certain differences in macromolecular 
composition and some of these are antigen related. 

Several aspects of the life cycle of C. immit i s  

deserve attention in relation to pathogenesis. Smith 
(32) has stated that mechanisms by which surface 
components can interfere with host defenses include 
' . . .  hindering contact with phagocytes;.., prevent- 
ing ingestion by phagocytes; ...interfering with 
intracellular killing by phagocytes...'. The OW of 
the arthroconidium is incomplete since it is broken 
at secession from the parent fertile hyphae. Pre- 
sumably, the attachment to the IW is weak because 
the OW can be shed at germination (Fig. 3A). 
During earliest infection, the infecting arthroconi- 
dium is engaged by host phagocytic cells (27), and it 
is possible that a loosely adherent OW might 
present a problem either for phagocytosis or for 
killing mechanisms within a phagosome. Whether 
the arthroconidial OW can function as an 'aggres- 



sin '  (32) remains  to be de te rmined .  E n d o s p o r e s  and  

spherules  also differ  in c o m p o s i t i o n  of  cell walls 
and  immunogen ic i t y  as noted  above.  In  add i t ion ,  
the wall  of  newly re leased endospo re s  is der ived  
f rom the segmenta t ion  appa ra tus ,  but  the cell 
acqui res  an e lec t ron dense O W  as m a t u r a t i o n  
proceeds .  These  differences could  affect phagocy-  
tosis and  survival  in the host. 

S m i t h  (32) also states,  'The  more  rap id  the rate  of  
mul t ip l i ca t ion ,  the more  l ikely is infec t ion  to  be 
es tab l i shed  despi te  the ac t iv i ty  of  the  host  defense 
mechan isms . '  M a t u r a t i o n  dur ing  the paras i t ic  cycle 
must  be a c c o m p a n i e d  by a v igorous  anabo l i c  
ac t iv i ty  because there  is r ap id  karyokines is  and  
increase  in cell mass  wi th  the  net resul t  t ha t  a single 
cell has p r o d u c e d  several  hundred  progeny.  This  
occurs  encased  wi thin  a wall  which increases in 
th ickness  du r ing  the m a t u r a t i o n  pe r iod  and  may  be 
pro tec t ive  with respect  to ki l l ing after  phagocytos is .  
H u n t i n g t o n  (13) noted  tha t  this fungus has a 
' dec ided  p ropens i ty  for  es tab l i sh ing  itself  wi th in  
ep i the l io id  and  g iant  cells '  despi te  its large size. I t  is 
l ikely tha t  phagocy tos i s  occur red  at an ear ly stage 
but  fai led to prevent  g rowth  of  the fungus. 

Thus,  the avai lab le  evidence indicates  tha t  cells 
f rom stages in the  morphogene t i c  cycle of  C. 
immitis differ with respect  to phagocy tos i s  mech-  
anisms,  po ten t i a l  for  induc ing  a pro tec t ive  response  
to chal lenge infect ion,  and  for  el ici t ing C M I  or  
sero logica l  responses .  A d d i t i o n a l  i n f o r m a t i o n  is 
needed  to de t e rmine  whe ther  these differences are 
qua l i t a t ive  or  quan t i t a t ive ,  and  whe ther  cel lular  
loca t ion  o f  mac romolecu le s  at different  m o r p h o -  
genet ic  stages de te rmines  p re sen ta t ion  of  ant igens  
to, and  response  f rom,  host  cells. 
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