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D Comparison of infection in germfrec and conventional guinea pigs indicates
that a skin infection does occur in the germfree guinea pigs but the primary
course of infection is twice as long as in the conventional guinea pigs. No
colonization of the GI tract of germfrec guinea pigs was ohserved,
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Progress Report

Introduction

Gerin-free animals are @ unique animal model for studies on infectivity,
pathogenesis, acquired immunity, prophylaxis, and therepy of dermatophyte
infections because: 1) there are no skin or aqut bacteria to augment (or hin-
der) the true course of an experimental dermatophyte infection, 2) germ-free
animals have not had any previous exposure to viable dv)mJLOpH)tO and thus
the problem of contending with dimunological effects from prior subclinical
fungal infections is eliminated, 3) true immune responses (both antibody, AMI,
and cell mediated inmunity, CMI) can be assessed without competition and/or
dntlgenlc stimulation by the viable bacteria end other fungi that are sc pre-
valent in, and on, experimental animals, 4) when activated, the antibody and
cell medieted imaune responses of the vclm-.10L animal are every bit as good
as, and in some instances better than, thn conventional animal. Therefore,

an assessment of pure CH1 and AMI responses to @ viable dermatophyte infection
can be made, 5) true effect of thrraﬂcitl( uovnts (cither 10p1\d1 or systemic,
i.e. steroids or Griseofulvin) on the infectious discase caused by the der-
matophyte can be assessed without 1ntorfcnruh. from competing bacteria, or
previous subclinical dermatophyte infections, 6) the effect of skin bacteria
on the course of dermatophyte infections can be evaluated in the gnotobiotic

nodel.

It is now known that T. mggjpglgnhjte end other dermatophytes, when
looked for, can be isolated from all conventional guinza pig, rat, and mouse
colonies. This limits the usefulness of conventional guinca pigs, rals, and
mice in studies on immunity, prophylaxis and therapy of dermatophyte infec-

tions.

Our research prograi is using germ-free rats and guinea pigs as models
for dermatophyte infections. MWe will also, if our breeding program works
out, be abie to infect the germ-free beagle dog. We have infected convention-
al rats, quinea pigs and flora defined nude mice (i.e. an animal without @
functional T-cell Lapab1ln‘“) with dermatophytes. Our resuits with each of
these animal models is detailed below.

Micrcorgenisms: HMost of our studies have been carried out with Trichophyton
IHGWt6QIﬂ}h,LSS; however, we have also used Microsporum canis, [pidermophyton
1loccosuws and C. albicans in some of our studies.

General Comments

@

Studics with gorm-free and conventional rats: Can dermatophytes, by

themselves, infect animals that are free of @ viable bacterial and viral
flora? To date owr results indicate that germ-free rats (and guinea pigss
see beiow) can be infected by a purc culture of dermatophyte. Obvious infec-
tious lesions, were observed in aevm-free and conventional rats, (and guinca
pigs; sec below) challenged with 1. mentagrophytes. We were vnable to cause
any obvious dermatophyte Tesions with h1c.u(|c o canis or with Epidermo-
phyton f1accosun in the germ-free rats. It is also werth noting that none

of the 3 fungi vsed i.e. [. floccosum, M. canis, or T. mentaqrophytes was
able to colonize the bacteria free GI le(L, oral cavity, nasal (anly or
lungs of the germ-free rat: only T. mentagrophytes was found in Tow numbers
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(102-10% gn of feces from cecus and colon only). This is most interesting
because even in the absence of competing bacteria, these fungi do not colonize
or invade mucosal epithelial cells or keratinized stomach epitheliuvn. Con-
versely, the germ-free rat does show invasive hyphae in the secrctory portion
of the stomach after monoassociation with C. albicans.

Another interesting aspect of the gerin-free rat model dis that T. wmentagro-

phytes sels up a visible infection (hyphac invade epidermis) on the skin at
the inoculated site. Hone of the germ-free rats showed any lesions other

than at the site of inoculation. HNo funoal overgrowth occurred in the chambers
or on the animals skin at sites other than those experimentally infected. The
i r moutanrollv*oc Tesion (a red erythema) in gern-free rats clears in 14 days.
The Tesion is not as severe as we observed in the guinca pig and it clears

sooner in the germ-free rat{14 days) and hair grows back by 30 days. Converse-
1y, conventional rats had scaly skin and no hair growth occurred at the in-
oculated site for 60- /O days.

The chironic T. montnornwhvtos infection that persisted for 60-70 days
in conventicnal vats is of interest because il was a low giede infection and
not an ulcerating lesion like we see in guinca pigs. This conventional rat
model could be very useful for trials in topical or systemic therapy of
fungal infections. The only visible evidence of dermatophyte infection was
scaly skin and a lack of hair growth for €0-70 days.

To_date our studies have shown that skin from T. mentagrophvies lesion
sites, 1n the conventional rat only, have a H'SKO““chfnql(di picture sinilar
1o nsor'aslq This is a most interesting aspect of the work and it may
indicate that a dermatophyte infection may be ¢ mechanism Tor triggering
psoriasis. However, since il did not occur in the germ-free stote it may .
indicate that skin bacteria are involved in its etiology. These experiments
on rats also demonstrate that conventional rats can carrvy T. Qqntuqrowh"LCP
on their skin, without overt indications of dermatophyte infection, for pro-
longed time periodﬁ' culture and histology and no growth of hair are LLe
cnly indications of gross abnormality Lo tho pats skin.

It should be remembered that in Viet Nam, rats appeared to be an impor-
tant vecto* for T. mentagrophytes. Ye have shown that rals have the capacity

to carry T. anLuu\kUﬂn&oq Junb]1n1CJ|1y on the skin and in the GI tract
for at lcast 70 days (termination of our experiment).

A significant stimtlation of peyers paiches was also observed in the
small intestine of germ-free rats infected with T. mentagrophytes. Ko fungi
could be cultured or demonstrated with histological secticns of peyers
patches. There may have been some fungal products consumed by the rats that
accounted for the stimulation of peyers patches.

Antibody and Cell Mediated Jmmupe Responses in the Dermatophyte Infected Gerin-
free | Pat «
' i
AMI —- We have observed that germ-free rats manifest a poor immuno-~ :

globulin response against the invading dermatophyte. A primary and secondary
challenge of gerin-free rats with T. mentagrophytes resulied in an increased
Tevel of dmmumoglobulins in only 1 of G bacteria-free animals. Jmunoelectro-




phoresis demonstrated no greal increase in gammaglobulins within 70 days after
challenge. Ve were only able to demonstrate 1 out of 6 rats showing a positive

precipitin test to purified trichophytin, crude cell wall antigen or soluble
cytoplasmic antigen. Ye are currently assessing the capacity of serum {rom
germ-free, T. wentagrophytes monoassociated, and conventional rats to inhibit
T. mentagrophytes in agar diffusion studies. Initial results indicate, that
serum {rom the monoessociated rats is just as inhibitory as serum from gerim-
free and conventional rats. Further work on these sera indicate that the in-
hibition of T. mentagrophytes by serum appears not to be associated with
specific immunoglobulin., A student is starting to purify rat scium proteins
for further clarification of this serum inhibition of dermatophytcs. He will
use serum from germfree,monocassociated and conventional rats

CMI -~ In vitro blastegenesis of splenic lymphocytes against phytoheio-
gglutin (PHA) and conconavolin A (Con A) are poor in the dermatophyte infect-
ed bacteria-free rats. Hewever, at the same time intervals, the infected rats
splenic ]yhphocvtc appear to arquire a good capzcity (10 fold) to respond
against the T. mentagrophyles antigens we used (crude autoclaved extract,
formalinized spores, purified T. mentagrophytes antigen from Dr. Jones).
Lyinphocyte blastogenesis (at various time periods after infection and clear-
ing of the lesion) indicates to us that clearance of a deria tophyte infection
appears to be associated with the acquisition of 2 CHMI response in the rat.
It should also be pointed out that the skin testing of conventicnal rats that
have the chronic infection is vorv positive with pur1f1ed T. mentagrophytes

gt

antigen, formalinized spores ind crude autoclaved antigen. We do not see
however, a typical delayed +upe hypersensitivity response in the mcnoassociuiu
ed germ-free rat. A oc.d)Ld basophil response is very prominent in the con-
ventional rat and this may indicate that a Jones-mote thr of reaction
{cutaneous Basophil hype usen31luv1ty) is taking place rather than the typical
pure monocyte response as seen in the classic do1aycd type hypersensitiviiy
respoise (Lo PPD) in tuberculin poq1t1vv individuals

Sumnary of Rat [xperiments: This is a good model; a) the primary infec-
tion is not as severe as in guinea pigs. The erylhema like reaction (with
hyphae in skin) clears in the germ-free rat in 13-14 days and the hair grows
back. The hair does not grow back in conventicnal rats and a Tew grade per-
sistent fungal reaction can be seen on the skin for G0-70 dyas. There also
appears to be a parakeratosis associated with the cleared infected site and
it is very similar to psoriasis. The germ-free rat does not become over-
grown with the dermatophytes used (T. mentagrophytes, E. floccosum, M. canis).
However, of the 3 dcrmdfophyfec used only 1. mentagrophytes caused any obvious
dermatophyte-Tike pathology in the rat model.” E. floccosum induced a brown
pigientation (hyperkeratosis) over the inoculated site but no obv1ou< fungal
type of lesion. However, the latter pathology (l\p vlkeralosis) was also
observed in the skin of male but not female rats. Neither E. floccosum or

M. canis survived in the germ-free environment. Thcy appeared to die out
after several challenges of the germ-free animal. This may indicate that
bacterial associations are needed for the survival of the latter 2 agents on
conventional rats. (We will be lookingy into this aspect of dermatophyte
infections in the near future.)

RNude Mouse Data: The nude mouse is an animal that is congenitally athy-

mic; therefore, it Tacks the capacity for the T-cell (CM1) arm of immunity.
IT dematophyte infections are controlled by T-cell dependent dmmunity then
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were, however, not able to induce dermatophyte lesions on the skin of nude
mice even though skin cultures were positive 7 doys after challenge. Our
procedure used a spore inoculum (100,1000,10,000 spores per occluded site).

Ke weve not able to induce any lesions on the skin of the nude mice (7

nudes used in experiments; similay inoculum took very well on the conventional
rat and the guinea pig).

the nude mouse should not be able to control dermatophyte infections. We !
1

T T ——

The nude mouse was further evaluated by I.V. dinjection of C. albicans.
Our studies danonstrated that the nude mouse cleared an 1.V, C. albicans i i
challenge better than their lititermates (i.e. same strain of mice but wlth J
a functional th'nnr) C. @lbicans infections are thought to provide classi
examples of the importance of T-cell functien in host resistance to 1ungu1
discese. Our nude mouse data indicates that the importance of T-cell function
in immunity to dermatophyte and candida infections is not as clear cut as
one would gather from the existing literature. Our initial results on the
nude mouse indicate other host idmmune factors are operating to control fungal
disease.

The flora-defined nude mouse did Pot get obvious dermatophyte lesions.
We plan to have germ-free nudes in the near future and we wili try to infect
them with dermatophytes. Ue have also cha]1ung;d thymus reconstructed nude
mice with C. albicans (I.V.). MWe found the latter nudes (with procven T-cell
function after thymic implants) were Jusi as susceptable to an (I.V.) C.
albican challenge as the normal mice. It appears that the thymus may have
suppressed imrmunity to systemic cendidiasis. We are going to infect thymus
implanted nudes to see if they can also now get a IC*MULC,.‘LC lesion on
the skin.

o

Gerin-frec and Conventional Guinea Pigs: Our infections of conventional

guinea pigs (hoxLiny strain) have followed the pattern of dermatophyte infec-
tion ¢ ]YCdU} described by the LAIR group (Akers, Kerbs, Jones, et al) for
conventional guinea pigs. Our only information to add to the conventional
system is in the area of the cellular response (histology) of lesions and
skin tests. Ue are seeing much more Fosinephil and Neutrophil involvement

in lesions and skin tests on conventional guinea pigs than one would normally
expect in a classical PPD delayed type hypersensitivily response.

dc have also quantitated the increase in fungi per sq. cm of skin in
infected conventicnal guinea pigs. The counis 25-50 colony forming units
per el of skin at day 0 increase to 109 Cru/cin? on day 7, and urop to 104
Cru/ein? on day 14; less than 50 Cru/em? of skin are present on day 21. We
have also shown LLuL in vitro blastegenesis of guinea pig lymphocytes

(solubjc and particulate T. mentagrophytes antigen) increases on about day

7 and 14 and seems to correlate with the Time the fungi are being cleared
from the skin of the guinea pigs. The delayed hypersensitivity skin test
response of conventional guinea pigs is heightencd on day 14 and 21. Appar-
ently in vivo and in vitro correlates of cell mediated immunity coincide

with clearance of 1unq1'|wom infected skin.

Gprw~frvn Guinea Pigs: We have now for the first time infected germ-
free guinea pigs with T. wentagrophytes.  The overall dinfection rate was
1005, The infection and host response scems Lo be more severe and persis-
tent (no regrowth of hair and st.l! obvious, open, serous lesiens al 32
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days past infection). The infection has not spread beyend the original site

of inoculation and no obvious fungal overgrowlh cccurs in the germ-free iso-
lator. We plan to allow the infected animals to continue on in order to sce
how long it talkes for the lesion to clear and hair to grow back in the nono-
assosicated (onotobiotic) state. HNow that we have established breeding colonies
of conventional guinea piqx and have acquired expericence in breeding and
cacsarian delivery of guinca pigs we will be able to infect mere germ-free
guinea pigs to pursue our qou1" for this rescarch program.

This gevin-free model w:]] be an excellent one for studying therapy and
prephyldxis because of its chircnic persistent nature. Also, it is very
obvious that priov immunoNica. experiences or skin bacteria of conventionel
guinea pigs does reduce the severity of dermatophyte infections in the con-
venitional stete. The lesions on conventional cuinee pigs are not as scvere
or as prolenged as we have observed in the geri-free guinea pig model.

Studies on skin tests, blastogenesis, serum responses (i.e. antibody
production) are now and will continue to be in progress on the gerin-frec
guinea pigs when the initial observations on infectivity, primary and sccond-
ary, are eomplete.

We have had experience with blastogenesis and skin tests in conventional
guinea pigs. We urn seeing increased blastogenesis in days 7 and 14 after
infection. This corresponds with a decrease in fungi in the skin and also
with the onset of delayed type hypersensitivity. However, histology of the
skin test sites FC”UJ]% a heavy. infiltration of Neutrophils and Losinophils
rather than monocytes as we would expect.

Gerin-Tree Doas:  He <huu1d be able to infect gerin-free dogs {beagles)
with dermatophytles in the next 3-6 months. Our program of raising germ-free
dogs is now to the point where we are getting healthy animals and we should
be able to derive and raise the germ-free beagles (6--3 males, 3 females)
for our dermatophyte study.

Humidity: In our studies on rats we tried increasing the humidity in-
51do of plastic isolators to see if this would exacerbate the fungal infec-
tions (T. mentagrophytes, M. canis, E. floccr, um). Pans of water were put

into the isclator, airflow was siowed down and the resultant increased
humidity did not appear to cause any cbvious incrcase in the severitly of
the T. mentagrophytes infection or activate the M. canis or E. floccosum
challenged animals. We will try to assess this recaction in guinea pigs
when we get move animlas in the germ-free state and monoassociated with

1. mentagrophytes. -
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