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Dermatophytes
Germfree guinea pigs
Acqul red-$uuunl ty

—. A~~ TRACY (C~~* ~~~~~~ N I !~ItI ~~ lI.~~GDuring prImary 1. mentaqroph y~es Infection of StraIn 2 guinea pigs, the
colony fo rming units (CFUJ of fungi In the lesion peaked be~~.n diys 7 and 14.

• while the lesion s.verlty peaked between days 11 and 16. ConcomI tant with the
• latter peak a pronounced depression In the In vitro ml togsnlc acti~1ty of

spleen (SPC~ and lymph node cells (LNC) was ~Es.rved. oily after resolution of
the primary Infectio n (day 21) dId INC show Increased DNA synthesis In the
presence of fungal anti gens. Duri ng cutaneous reinfection , there was no
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Ustinct peak fungel load and CR) appeared to decrease steadily during th~iccelerated course of a reinfection disease. Lymph node cells from iulnea pigsiith severe, ulcerated reinfectIon lesions generally exhibited a heightenedesponse to fungal antigen in vitro .~ The LNC from guinea pigs with mild reinfec-
• ~ion dermatophytosis had deprei~ TTh~vit,~ reactivity to mitogens and dermato-ihyte antigen. The suppression of bT~çtogen1c activity during dermataphyteInfection appeared to be associated wi~~ autologous serum (AS ) components sincencreased DNA synthesis resulted when S~~ or INC were cultured with fetal calfierum (FCS). The depressed In vitro DNA\synthesIs of lymphocytes (cultured withlermatophyte antigens) that were harveste~ during reinfection did not correlate1th an impaired ability of Infected gu1n.~ pigs to respond with a delayed-typeiypersensitivity (0TH) skin test in vivo . These results support the hypothesis:hat experimental 1. mentagrophytes ~~~atophytos1s Is a cell -mediated hyper-

~ensi t1v1ty disease that canbe modi fi ed by I anosuppre ssive control mechanI
~laborated, or Induced by, the fungus .
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Progress Report

June 1977 — February 1978

INTRODUCTION

The precise role of cell-mediated iuuiuine (CMI) responses in host resis-tance to dermatophytosls remains poorl y understood. Lesion clearance has beenshown to be preceded t~~orally by the onset of delayed-type hypersensivity(0Th) and In vit ro blastogenes is of regional lymph node cells to specificfungal antlj.ns (5,9). Crulckshank, Trotter and Wood (3) Induced a secondaryimmme response to fungal Infection by sensitization of guinea pigs withacetone...xtracted ~ycelIa In complete Freund’s adjuvant (CFA) and they alsoadoptively transferred 0TH with peritoneal exudate cells. Recently, Tagamiand co-workers (17,18) have shown that Trichophyton-infected guinea pigs andhumans manifest contact sensitivity to a trlchophytln patch test. Despite theassociation of these CMI responses to fungal anti gen with infection, theextent to which hypersensitivity mechanisms alter the course of infection ordisease are unknown.
In the present studies, we attempted to correlate the number of Infectingfungi In the lesi on site with the in vitro blastogenic responses of spleen(SPC) and lymph node cells (LNC) to polyclonal mitogens and specific dermato-phyte antigens at different stages of primary challenge and reinfection ofguinea pigs with 1. .sntagrophytes.

- MATERIALS AND METHODS -

Animals and Infection. Randomly-bred, closed colony Strai n 2 guinea pigsweighing at least ~OO g r s  were shaved on the back wi th electric clippers andInfected with a 2 3  week old ycellal culture of Trichophyton mentagrophytesvar. anulosum (ATCC 18748) by rubbing the organism onto the skin with a
~~Tton • t weekly Intervals after Infection animals were selected for

• sacrifice, either randomly or based upon skin test response, to obtain skin
samples and secondary lymphold organs.

Funenl Enumeration. Animals were sacrificed by cardiac puncture andwaNgu~nat1on. Square centimeters of skin (two/animal ) were excised from the
lesion area and ground in Tefl on/glass ti ssue homogenIzers In S ml sterilesal ine. Homogenates wer, duplicat, plated In serial ten-fold di lutions on
ager plates modified frous Carlis le ot al (2). Briefly, the growth medium
consisted of Pblcos.l agar (SaL, Coc~jysv 1lle, Nd.), ~ g~liter, 151 fetal calfserum (FCS), and .02% bro.thymol bl ue. The pH of the medium was djusted to
7.1 7.1 wIth IN NoON. Colonies were counted after 5 7  days i~cubatioe at roomt~~ ursture and reported as mean colony forming units (CFU/~~ ) of skin.

Triduophytin Anti gens. Cultures of T. .sntaeropl iyt.s were brown at 25°C
- Ia 2 liter flasks conta ifll ng 400-1000 ml of fluid Sabouraud’s medium (GIBCO,
fr uid Island, N.Y.). Cultures were Incubated on a shaker for about 90 daysprior to preparation of two antigens as follows: (I) an acetone-dried, parti-
culate antigen (PART AG) was prepared by dehydration with thre. changes ofacetone (3,13), and grinding the harvested cells In a mortar and postal to a
fine po~m1ar; and (ii ) a soluble antigen (SaL AG) was prepared by autoclaving
(15 sIn, 121°C) and centrifuging (i.350 * g, 10 win) the culture sup.rnatant.
Antigen protein concentrations were estimated by the method of Lowry !~. !J.e(11).
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In Vitro Blastogenesis Ass&ys. Cell suspensions were made from the
spleen or pool of l)lnph nodes (suprascapular, axillary and cervical -tracheal)
from each animal by gentl e teasing and passage through a 60-gauge mesh steel
screen. Cells were washed twice in phosphate buffered sal ine (PBS) and
resuspended In RPM! 1640 medIum (supplemented with penicillin and st repto~ycin)
at a concentration of 2 x 10 /ml with 10% heat-inacti vated auto logous serum
(AS) or FCS. Quadrup licate wells of a microti ter plate (Falcon , Oxnard,
Calif. ) received 0.1 ml of cells and 0.1 .1 of specific antigen or the
followi ng sitogens (di luted in RPM! 1640 medium): phytohemagglutlnin N (PHA;
Difco Laboratories, Detroit, Mich. ), 200-400 ~g/sl ; concanava lin A (ConA ;
CalbIochme, San Diego, Calif.), 20-100 ig/mi ; pokeweed mitogen (P114; Gibco,
Grand Island, N.Y.), 50-100 iig/ml ; or lipopo lysacchar lde W (LPS) from E. coil
(Dlfco) 500-1000 *g/ml .

__

Spleen cells and l~~ h node cells were cultured for
96 hours in f1at-bo~tomed micro ti ter plates (Falcon , Oxnard, Calif. ) and then
pulsed with 1 ~aCi flhlthymidlne (in 0.05 ml of RPM! 1640 medium) for an
addi tio nal 18 hours. Calls wer. harvested by precipita ti on onto glass fiber
filters and the trapped radioacti vi ty was counted in a liquid scintillation
spectrometer (Packard Instrument Co. , Downers Grove , Ill.). Blastogenic
responses were reported as mean iog~~ for the concentration of antigen or
mitogen causing the highest stimulat ion In coun ts per minute (cpa) from two
or three concentrati ons of mitogen or anti gen used in each assay.

Skin Testi ng. Guinea pigs were shaved and 32 ag/mi of the soluble
trichop hytin (SOL AG), in 0.1 ml of pyrogen- fre. saline (ElkIns -Slnn, Cherry
Hill , N.J.), was injected intradennaily (I.D.) into the flank . The diameter
of erythema, in a~, was measured in two directions , and the induration
(double skin thi ckness ) was assessed using a Schnelltaster (H.T. krop lin,
Hessen, Germany). Measurements were made at 30 sin, 4, 24 and 48 hours, but
only the peak 24 hour responses are reported.

Statistical Ana lysis. Colony forming units and cpa were converted to
log~~ values prior to calculatIon of the mean, standard deviati on (S.D.) and
stafs~ard error (S.E.). Signi fi cant di fferences were evaluate d by a two-
tailed F-test in the analysis of variance (14).

RESULTS

The Course of the Dermatophyte Lesion. Following Infection, animals
were observed daily for macroscopic Infl~~ at1on, t1~sue damage and healing.
Lesion development and evolution closely res.ehled previous reports of experi-
mental derwatopliytosis in th . guinea pig (6,8).

Primary lesions were routine ly reproducible. Lesion areas first bec e
evident with sryth a 4-5 days after Initia l Infection (Tabl e 1). The
intensity of the eryth and the lesion size increased unti l day 9 when the
inflamed skin became covered with a flaky scale. Within 24-48 hours the
lesions ulcerated , often with serous weeping, indicating peak tissue damage.
WIthin 24 hours’ after ulceration , the lesions crusted over and began drying

• out. Eryth s surrounding the lesions gradually subsided prior to day 21 and
drying crusts sloughed off leaving smooth scars. Healing continued and dense
hair gram back rapIdly into the scars by 5 weeks.

Animals ware reinfected a few weeks or months following spontaneous
recovery from the Initial Infecti on in an area oway from the primary scarj (usu9 In the opposite flank). Previous Investigators have reported 

though
seconda ry lesions undsnmist a similar sequence of disease development, infI-
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1 week earlier (day ti—i) and there was less tissue damage (Table 1). Also ,
some animal s with a secondary infection had a very mi ld erythema which never
developed Into an ulcerative lesion . The lesion variability between animals

• was more noticeable during secondary Infection than during primary Infection.
Fungal Enumeration . In order to quantltate the growth of the fungi in

the lesion sites duriflg primary and secondary infection , skin samples were
excised, homogenized and plated out to measure viabl e fungi .

Primary cutaneous I. mentaprophytes infections were Initiated at low and
high challeng. level s and groups of afltmals were sacrificed at specifle4
intervals for skin cul ures (Table 2). At a lower challenge level ( 10’~),the fungal load per ~~~~~

“ of skin increased dur1~g the first week after infec-
- tion, while at the higher challenge level (~10 ) there was a reduct ?n ?the v1~ble count 6 days after challenge . Fungal loads peaked at 10 -10

CFU/ca between days 7-11 and declined during the next 2 weeks . Low level s
of organisms were Isolated from healed lesion scars 4 weeks after infection
(Tabl e 2).

• Animals were re-Infected (cutaneous ) approximately 3 weeks after healing
of the primary lesion site . The rechalleng. Infectious dos e was about 10
CR). B.y day 7, the fungal load had decreased (from day 0) and rs about 1
log lower than the fungal load observed 6 days after a high (10 ) prima ry
challenge (Tabl e 2). Unlike the primary infectIons , CFU of 1. aentagrophytes
continued to decline during the second week of reinfection. Thy day 14,
colony counts front reinfected skin were 1-2 logs lower (p < 0.01) than those
detected 14 days after a prima ry infection (Table 2). At day 21 of a reinfec-

• t ion , viabl e fungi still persisted In skin at level s that corresponded to
days 21 and 28 of the prima ry infections (Tabl e 2).

In Vitro Blastogenic Response During Primary Infect ion . In order to• asses s the Induct ion of acquired-Ismunity, SPC and INC were iso lated and
cultured in vitro with two specific 1. mentagrophytes antigens on days 0, 7,
14, and 2rfo llowlng a cutaneous Inlict ion. Polyc lona l 1’- and B—cell mitogens
were included as controls to monitor the ability of SPC and INC to respond to
nonspecific stimulation.

Day 0 stImulations (mean log1~ cpu) were those of lymphocytes from
guinea pigs that were shaved and iNfected shortl y before sacri fice (Table 3).
Only minor changes (from the day 0 blastogenesls) were seen In the mitogen ic
responses SPC and LNC after 1 week of infect ion (day 7, Tabl e 3).

Th most striking resul t obtained by testing the biastogenic response of
SPC and LNC to polyc lona l mitogens during the primary infection was a signifi-
cant depression (p < .01) of blastogenesis on day 14 of the infection at the
peak of fungal load and tissue d age. This depression was reflected In the
response of both SPC and LJIC and was at least a 1 log decrease In cpus for
the four 1- or 8—all mitogens tested (Table 3). As the lesions heal ed, all
altogenic responses increased ~~~rd day 0 values (Table 3).

On days 0, 7 and 14 neither SPC nor INC manifested a blastogenic response
to dermatophyt. antigens. Th. only positive blasto genic responses to dermato-

• pI~yte antigens occur red 3 weeks after Initiation of the primary infection and
• - on)y LNC cal-is responded to both SOL AG and PART AG. There was no significant

In vitro proliferati ve response by SPC to trichophytle antigen on any day
~~sted during a primary infection (Table 3).

In Vitro Blastogsnic Response During Secondary Infection. We also
measured the DNA synthesis of &~% and INC during reinfection in two groups of
animals that had recovered from a primary T. mentagrophytes Infection. In
the first experiment, a group of animals ~ s cutaneously Infected 6 months

-
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after clearance of the prima ry infection and sacrificed for jj~ vitro blasto-• genesis on days 0, 7, 14, and 21 (Tabl e 4) after chal lenge. -

On day 0, the SPC and INC responded within previously observed normalranges to polyclona i T— and B—cel l ntitogens. In addition, as observed on day21 of the primary infection , only LNC were capable of responding significantlyto both trichophytin antigens (Tabl e 4).
By the end of the first week, it was evident from the lesion s that therewas a wi de range of biologi cal vari abili ty In the animals ’ response to rein-fection. Some animals had mild, but erythenatous responses (6/17), whileothers had severe bleeding ul cerations (li/ il). In order to determinewhether these different macroscopic lesions correlated with a difference Inin vi tro blastogenic response, a sing le animal from each group (i.e. , erythema

vs ulceration) was sacrificed on day 7 after reinf ection (Tabl e 4). Spleencel l blastogenic responses to both mitogen s and antigens were simi lar in bothanimals; however , the LNC biastogenic responses to fungal anti gens differe dsignifican tly. Lymph nodes from the animal wi th the severe ulcerated lesionresponded positively to the fungal anti gens , while the animal with a mildskin lesio n had no signifi cant bl astogenic response to the same anti gen
• (Tabl e 4). Thus, cutan eous ulceration scented to correlate wi th a heightenedblastogeni c response of INC during reinfection . At this point , we suspectedthat the animal s with mild lesions were undergoing a primary instead ofsecondary Infection , but they never developed the ulcerated lesions that weretypical of pri mary dermatophyte infecti ons.

Animals sacrifi ced on day 14 after reinfection had especially severe
skin lesions and they also had LNC blastogeni c responses to fungal antig ensthat exceeded day 0 values by over 1 log; however, no dramati c increase was
evident In SPC response to the same anti gens (Tabl e 4).

Animals sacri ficed on day 21 after reinfection were In the healing phase
and exhibi ted dry scars In skin les ion areas. The SPC and INC of the latteranimals showed no signifi cant DNA synthesis in the presence of fungal anti gen(Tabl e 4).

In an attempt to control the large degree of variability observed in theprevious experiment , another group of 12 guinea pigs , which had recentl y
recovered fro, a primary infectIon was skin tested with so luble trichop hytinanti gen (Tabl e 5, Exp. 1). One week after skin testing, all animals were
cutaneously reinfected wIth 1. mentagrophytes and grouped for sacrifi ce on
the basis of the magnitude oT their delayed (24 hours) skin test (0Th)
reactivity (Tabl e 6). 

-The very low DTh responders were sacrificed on day 0 and they mani fested
aitogenic responses that ware within previously observed normal ranges (Table 7,
&oup 1). As In the previous reinfec tion study (Tabl e 4), only INC responded
to both fungal antigens.

On reinfection day 7, th. next higher group (2*, Table 7) of DTH respond-
ers was sacri fi ced. Th. gross lesions In this group of low DTH responders

• were mild on day 7. A marked depression in the ability of the latter animals ’INC to prolifet ate In the presence of polyclonal T- and B-cell mitogens was
observed (Table 7, ~‘oup 2*). Al so , SPC from the latter group manifested a
depressed mitogenic response to ConA and PNA.

The third group of guine, pigs, sacri fi ced 14 days after challenge and
• demonstrati ng moderate lesions (Tabl e 7, Group 3a), had SPC blastogenic

responses (to mitoge ns and fungal anti gens) that were essentially similar
to day 0 values. The mitogen-Induced blasto genesis of INC fro, group 3s
animals (Table 7) were also si mi lar to day 0 values , but the INC blastogenlc
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responses to fungal antigens were decreased to insignifican t level s in thepresence of auto logous serum (AS). The inhibi tion of blastogensis by AS
suggested that an inhi bitor y factor might be presen t in the serum of derma-
tophyte infected guinea pig.

The highest 0TH responders (Table 7, Group 4a) elicit ed the largest and
most severe secondary lesions. In spite of early lesion severi ty , rapid
heal ing (Indicative of an accel erated second ary infection ) coninenced much
earlier (day 11). The mi toge nic response from these animal s ’ INC (Group 4*)was nonspecifica lly depressed when compared to day 0 control values and

• neither sqlub le nor particulate fungal antigen evoked sign ificant incor pora-
tion of (1I]thymldi ne In the presence of AS. Thus , there was no cl ear corre-
lation between in vivo DTH skin test reactivity prior to reinfection and
positive In vitro blastogenesis to fungal anti gens during reinfectIon.

Evidilice That Autologous Serum (AS) Is Able To Depress L,~~phocyte
Responsiveness In Vitro. Tn the previous experiment, SPC and INC were co-
cultured in the presence of 5% FCS or AS on days 7, 14, and 21 following
rei nfection In order to compare directly the ability of guinea pig lympho-

• cytes to respo nd in a culture medium with either heterologous or autologous
serum supplementation (Tabl e 7). 3On rei nfection day 7 (Group 2b) incorporation of [ Hithymidlne was
sig nificantl y increased in unstlmulated , mitogenically stimulate d and sped-
fic antigen stimulated cultur es in the presence of FCS. Whereas , the INC
responses to all mitogens were signIficantl y increased In FCS; only PWM and
LPS bl astogenesis of SPC (Group 2b) were enhanced by FCS. Dermatophyte
anti gens (SOL and PART) were not sig nificantl y di fferen t from unstimu lated
control s , Indicati ng a loss of antIgen specifi c activi ty during the first
week of reinfection. -

On reinfection day 14 (Table 7, Group 3b) and 24 (Table 7, Group 4b) ,
FCS did not increase the baseline Incorporation of (1I)thymidlne with unsti-
ailated ~~ or INC. However , the LNC responsiveness to both solubl e and
parti culate I. mentagrophytes anti gen vms “uncovered” (p < .01) by culturin g
in FCS instead of AS suppl emented medium (Group 3* and 4*). Certain mito-
genic responses of INC were Increased In the presence of FCS (Pb14 and IPS),
but others were depressed (day 14, ConA). When cultured In FCS supplemented
medium, spl een cel l responses (on day 14) were generally less enhanced than
INC.

Evidence Thit 0TH Skin Test Does Not Correlate With In Vitro Depression
of I.y~~hocyte React1v it~’. Since the capacity of INC to respond to in vitro
sti mulation with specific T. menta as antig ens was reduced duitng the
first week of rei nfection Trabie 7 , the o lowing experi ment was designed to
determine if the 0TH skIn test response in vivo was similarl y depressed at
day 7 followIng reinfection.• Mother group of guinea pigs was cutaneously infected with I. menta-

hytes and skin tested about 1 week following clearance of the primary
~~~ as ons (Table’ S , Exp. 2). One week after skin testing, all animals were

shaved and cutaneously reinfected. On day 7 of the secondary infection , the• animals were skin tested again on the flank, posterior to the secondary
lesion (Table 5, Exp. 3). There was no signifi cant change in the abilit y of
these animals to respond with 0TH to Intradermal injection of soluble T.
mentagrophytes while undergoing a secondary Infection (Tabl e 1).
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DISCUSSION

The self-limiting course of T. mentagrophytes infection In inexperienced
guinea pigs has been reported prá~ioui1y (3,6,~). We observed that primary
lesions started with early inflammation (day 5 after infect4 on) that developed
into open bleeding ulcerations at the peak of Infection (days 11-16). This
rapid Inf lapuuation and lesion severity was most likely accounted for by our
repeated in viva passage of the organism, and our use of myce lial inocula
rather than spo res. The genesis of symptomatology in experimental dermato-
phytosis has been suggested to be due to acti ve mycel ial invasion of the area
above the stratum granulosum (7) , and a u~ycelial Inoculumi would be expected
to initiate disease more rapidly and result in higher fungal load prior to
host sensitization by el iminati ng the ti.. and conditions required for the
germination of spores.

Although other Investi gators have quantitated the spore inoculu. used to
initiate infection (8) , the subsequent fungal growth during primary infection
has been evaluated only by mi crosco pic examination or by qualitative culturing
of skin scrapings (4,5,8). Our results indicate that it is possib le to
quanti tatively follow funga l prolif eration and el imination during lesion
development by homogenizing and culturing infected skin. The main limitation
of the homogenization technique is that the morphology of the cells forming
each CFU is not known. For example, arthrospore or microaleuriospore formation
at the peak of Infec tion might resu lt in an increased number of colonies
(CR1).

• The time course of the developi ng prima ry lesions closel y paral leled
- increasing cutaneous fungal growth (CR1). lesion severi ty , In terms of gross

tissue damage, occurred at the same time as the peak fung al load (day 14).
Shortly thereafter , lesion erythema and ulceration decreased and healing
began. Viable skin fungi (CR1) also declined between the second and third
week of pri mary infection. Although fungi were still cultured from the skin
3-4 weeks after initiation of infection , lesions were healing and there was
no noticeabl e eryth a. These observations sugg est that either the fungi are
inactivated fol lowing serous ulceration, possibl y by serum Inhibitory factors
(2), and thus prevented from further producing inflammatory fungal products,

— or that the host ’ s l unoregulathry system depresses the Immune response to
the persistent fungal antigens.

The cor.’elation between lesion development and fungal enumeration
during reinfection is less cl ear. Fungal colonies decreased steadily during
the fIrst 3 weeks of reinfection, whil e macroscopic lesions peaked in severi ty
after 1 week. The host’s response to the reinfection, characterized by rapid

I I deveiqiment of erythema, was not capable of precluding severe ulcerations
similar to those observed during primary Infection. Thus , reinfection of
guinea pigs resulted in an accelerated lesion development apparently because
the presansitizatlon peri od , observed during primary infection , was not
present. Th. fact that no clearcut peak fungal load corresponded with peak
ti ssue d age (days 5—7) during reinfection suggests that the severit y of the

• secondary lesion may be the result of an anamnestic hypersensitivity reaction.
There was only a single attempt reported to cul ture lesions dur ing a

secondary 1. mentagrophytes Infection of guinea pigs (4), and the organisms
were detected only hy direct microscopic examination. Fungi were observed
only out to day 8. Our resul ts sugg est that skin homogenization may be a
more sensitive method of determining fungal persistence , since organi sms and

i:

_ _ _ _ _ _ _ _ _ _ _ _  
_ _ _ _ _  _ _  ~~~~~~~~~~~
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spores have been reported to persist in deep hair follicles (10). It is
interesting to note that although secondary lesions developed more rapidly
and peaked about I week earlier than after primary Inoculation, there were
still culturabl e fungi , In skin , on days 14 and 21 after reinfection.

Specific in vitro 1 pho’~-te transformation to trichophytin was demon-
strated in LNC cultures durin g primary and secondary infection. Duri ng
primary infection , a positive response was not detected until day 21. These
resul ts differed from those of Kerbs , Greenberg and Jesran l (9) who were abl e
to demonstrate in vitro responses to 1. mentagrophytes antigen on days 9, 11,
13, and 15 when cultured with normal guinea pig serum.

Spleen cells did not respond to fungal anti gens at any time point tested.• Other investigators have interpreted a similar lack of spl een cell prolifera-
tion to antigen in vitro as evidence for a population of suppressor cells
(12). In light If the depression of anti gen specifi c blasto genesis durin g
reinfection (Table 4, day 21; Tabl e 7, days 7, 14, and 21), it is possibl e
that some population of cells Is producing a suppresso r factor or factors.
This does not exclude the possibilit y that suppressor cells may also be
present In lymph nodes, j ust that those In the spleen predominate In vitro.

During reinfection , the only classical secondary response to V~ngal —

anti gen, as detected by blastogenesis of INC In vi tro , was on days 7 and 14
followi ng a 6 month Interval after the primary infection . The seconda ry
lesiOns that developed on these animal s were severely ulcerated . Rather than
correlating with any enhanced iummanIty , these Increased in vitro INC proli-
ferations were Indi cati ve of an exaggerated hypersens it i~Tty response even
though fungal colonies were decreasin g over the 3 week course of Infectio n.
In a second reinfection experiment, none of the animals had a blastogenic
response to fungal anti gen signifi cantl y greater than the residua l sensi -
tivi ty remainin g from the more recent primary Infecti on suggesting the
possibili ty that 1. mentagrophytes-induced immiunoregulatory mechani sms may
deteriorate over Time. The apparent absence of a classical secon dary response,
as measured by DNA synthesis in regional lymph nodes , has been descri bed
previ ously during challeng e with contact agents (1).

The decreased response of both SPC and INC to polyc lonal 1- and B-cell
• mitogens during infection and reinfection , indicate a pronounced nonspeci fi c

depression of reacti vit y. During the prima ry infection , thi s depression
was most evident on day 14 which correlated well with the peak funga l load

• and lesion ulcera ti on. During reinfection , it occurred 1 week earl ier (day
7) which also correlated tim ew ise with peak inflammation , but not peak
fungal load.

Various hypotheses have been proposed to explain the activation and
expression of immune suppression. Asherson and Z bala (1) have postulated
a feedback mechanis. in which suppressor cells respond to an antigen overload
interactin g with sensitized lymphocytes. Turk, Polak and Parker (19) have
proposed that i unoregulation is designed to balance effector function in
order to preclude systemic tissue damage.

Data presented on cul tu ring both SPC and INC wi th FCS provide stron g
evidence that both antigen specific and nons pecifIc suppresso r factors are

• present in the AS during reinfection. It would be reasonable to assume that
• the di fferences observed in v itro with our INC cultures from those by kerbs

et *1. (9) during prlmsrjTn fect lon might be due to thei r reported use of

C, 
_ _ _  

_
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• reported the presence of serum factors wh ich specifically bl ocked lymphocyte
reactivity In vitro In pati ents chronically infected with denuato phytosis .
Our experiments supp ort a hypothesis tha t a host-immune response is required

• to resolve these infections; an exaggerated or prema*ure production of serum
Inhibitory factors r;~ght be abl e to interf ere with this apparent acquired-
Immainity.• Generally, suppression of cell-mediated limvnity during fungal infec-
tions is detected by a lack of skin test reactivity or anergy asso~1ated with
chronic or progressive infection (15). Our data indicated that the depressed
in vit ro responses measured on day 7 of reinfection do not correlate with a
iliuli ar depression of Intraderinal DTH. Thus , the intrade rmal skin test
response alone did not full y reflect the host’ s capacity to respond to fungal
antigens duri ng acti ve Infection.

• The results of the experiments presented in this paper supp ort the
hypothesis of Sulzberger (16) that dermatophytosis is primaril y a hyper-
sensitivity disease which resul ts In local tissue damage. This hypersensi-
tivity may also be integrally required for inactivation of the fungi and
resolution of the disease. The early erythana observed during primary infec-
tion (days 5—9), prIor to detectabl e systemi c sensiti zation of the host ,
raises the possibilit y of a primary Irritant or toxi c effect of the fungal
anti gens which later result In sensiti zation of the host. The rapid infl amma-
tion, which developed upon cutaneo us reinfection was compatible with biological
contact sensitivit y. It was di ffi cult to assess , however , precisely when
this conta ct— like sensitivi ty f irst infl uenced the primary lesion.

• Our results , also, indi cated that pronounced nonspecifi c and specif~c
suppression of lymphocyte transformation occurred durin g the course of
primary and secondary infect ion with I. mentagrophytes and this suppression

• was related to Inhibitory serum facto rs. How this observed su ppression ~~vitro relates to the resolution of the infect ion and regulation of host -
immunity in vivo requires further investigation.

— ‘••:~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -s ‘-~ F
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Tabl e 1. Stages In the developmen t and resolution of gross lesions durin g

primary and secondary cutaneous 1. mentagrophytes infection in guinea pigs

Primary Secondary

ERYTHEMA/SPREADING 5_8a 1-7

SCALING (24-48 Hours) 9-12 4-7

SE~~US ULCERATION (24 Hours) 11-16 5-7

C~ JST/SCA8S 12—19 6-11

SCAR/ALLOPECIA 18-25 10-19

a1~),$ postinoculation.

.1

.
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Table 2. Viab le colony forming units/cm2 skin (CFU) of I. mentagrophytes
during prima ry or secondary cutaneous infection

Day Day Day Day Day Day Day Day
• 0 6 7 11 14 17 21 28

2•~~(,~~)a N.D.b 5.19(.23) M .D. 4.45(.27) M .D. 2.32(.31) M.D.

4.98(.04) 4.19(.25) M.D. 6.25(.13) M.D. 4.9O(.30) M .D. 1.72(.64)

Secondary 4.22(.22) M .D. 3.11(.31) N.D. 2.39(.49) M.D. 1.87(.75) M.D.

a~~0 logiø CFU (S.E.).

bNot determined.

- i
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Tabl e 3. Effec t of a primary T• mentagrophytes Infection on the blastogenic
response of guinea pig spl een (SPC) or lymph node cells (LNC)

Mitogen or Response of SPC After Primary Infection
Antigen Day 0 (6)C Day 7 (6) Day 14 (6) Day 21 (6)

Unstimulated 2.78 (•11)b 3.06 (.10) 2.64 (.35) 3.23 (.15)
PHA 4.58 (.31) 4.44 (.53) 335  ( 53)d 4.68 (.26)

CON A 502 (.25) 4.63 (.62) 329 ( 5 ~)d 484 (.25)

P114 3.93 (.15) 4.26 (.68) 2.97 (~ 51)hi 3.97 (.58)

IPS 3.22 (.42) 3.49 (.42) • 2.74 (•27)d 3.29 (.29)
• S~. AG 2.94 (.30) 3.24 (.45) 2.84 (.38) 3.24 (.25)

- • PART AG 2.85 (.44) 3.41 (.43) 2.94 (.40) 3.20 (.30)

Pfltogen or Msponse of LNC After Primary Infection
• Antigen DayO(3) Day 7 ( 3 )  Day 14 (3) Day 21 (3}

Unstimulatad 2.35 (.21) 2.34 (.14) 2.17 (.17) 2.34 (.15)

PHA 4.91 (.13) 4.66 (.56) 2.85 ( 70)d 4 7 9  ( 09)

CON A 4.87 (.30) 4.91 (.19) 2.91 ~~~~~ 
4.48 (.40)

P114 4.67 (.59) 4.35 (.66) 2.41 (1•02)d 4.68 (.13)

LPS 3.05 (.16) 2.90 (.39) 2~26 ( 3 0 )d 2.94 (.44)

St AG 2.82 (.37) 2.55 (.22) 2.40 (.10) 3.07 (,401d

PART AG 2.53 (.36) 2.44 (.13) 2.23 (.44) 3.47 (.34)~

/

‘Numbr of animals tes ted.

bMsan log~~ cpm (Standard Deviation).

CYalues differ signifi cantly from unstimulated value: (p c .01).

dyalues depressed signifi cantl y with respect to days 0, 7 arid 21 (p < .01).

p
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Tabl e 4. Effect of a seconda ry T. mentagrophytes Infection on the blastogenic

response of guinea pigs spl een (SPC) and lymph node cells (LNC). Infection

• was initiated about six months following clearance of a primary Infection

Mi togen or SPC Response After Secondary Infection

Antigen Day O(3) a Day l (2) Day l4 (3) Day 2l (2)

Unstimulated 3.27 (•46)b 2~~ ,2~~ d 3.23 (.08) 3•4613~09d

PM 4.64 (.22) 4.25/3.67 4.35 (.22) 4.76/4.39

CON A 4.69 (.41) 4.37/3.83 4.21 (.21) 5.01/4.49
- P114 3.70 (.41) 3.36/3.81 4.62 (.32) 4.25/4.02

• LPS 3.46 (.56) 2.4712.64 
• 

3.34 (.36) 3.49/3.71

S~. AG 3.23 (.45) 2.90/2.99 3.33 (.20) 3.44/3.06
• PART AG 3.36 (.34) 2.86/2.94 3.54 (.38) 3.25/2.84

Mitogen or • LNC Response After Secondary Infection

Anti gen Day O (3 ) D& y 7 (2 )  Døy 14 (3) Day 2l (21

Unstimulated 2.62 (.01) 2.89/2.42 2.83 (.20) 2.30/2.37

• PM 467 (.11) 4.40/3.81 4.32 (.71) 4.86/4.20

CON A 4.13 (1.29) 4.33/3.74 4.09 (.14) 4.51/2.84

P114 3.35 (.76) 4.95/4.08 4.94 (.16) 3.96/3.32

LPS 2.75 (.28) 3.70/2.38 3.43 (.15) 3.5413.56

• St AG 2.92 (.19)° 4.44~/2.6O 3.49 (•21)C 2.85/2.86

PART AG 3.16 (.63)~ 4.li~/2.S9 4.27 (.29)~ 3.16/2.67

~Ii~~er of animals tested.
bMNfl lOgio cpm incorporated (Standard Deviation).

0sigaificant increase over unst imulated control cells (p .01).

dEach animal reported indivi dually (mean log o cpu).

• 
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• Tabl e 5. Delayed-type hypersensitIvity (24 hr) skin test response to soluble

1. mentagrophytes antigen (32 *g/0. 1 ml) following primary or

seconda ry Infection

Waiks Following No. of
Exp. No. InfectIon Animals Erythema Induration

1 7—10 weeks/primary 12 11.71 (1~12)a .92 (•20)
C

(3-1 7)b

2 8 weeks/primary 10 11.00 (.56) .69 (.10)
- 

(9—15) (.3—1.2)

3 1 week/secondary 8 12.69 (.55) .68 (.22)
(11—15) (.1—1.8)

aNlan and Standard Error (un).

bRange (uu).

,-
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Table 6. Cutaneous DTH (24 hr) skin test reactivity to soluble trichophytin

antigen one week prior to reinfection.

- Skin test (1)b (2) (3) (4)
Response 0ay O Day ? Day 14 Day Zl

• Eryth a ( )  8.33 (•70)a 11.0 (.82) 13.17 (.68) 16.0 (1.42)

Induration (ma) .40 (.06)’ .50 (.15) 1.00 (.38) 1.77 (.35)

- 

- 

• ‘Mean and Standard Error of three guinea pigs per group.

bk~~ q1ce groups correspond to anImals In Table 7.

4

/
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Tabi. ?. UfIst SI I ~~~~~~~ ~
. StISl~~~~dtwI 1mf~ct1es ee th blutogs.Ic esp~ se of pies. pi~ s~1s.s$ (SIC)

S.~~~ .~~~ esils (lac) s.1~~ s4 1* bed 1.sctIs.t.d adsiogess ssrs. (AS) o~ fetel calf sets. (ccl)

.1*15 of 3~less Cells Arts, Infectis.
Sr 1 10 • 

3. 3. 41 0
Me1~~~ ~~~~.L L! ~1r kv 7 (*5) k~ 7 (Fq)~ ~~y 14 CASt ~ v 14 (ICS) • - Osy 10 C~~

) Isy 21 (rd
101t~~ hm.g 1.12 (JO )  • 2.0 (.13) 3.79 (.13)~ 2.11 (.17) 2.59 (.04) 2 . 7 4  (.33) 2.10 (.27)

W (.11) 3.73(JO) 3.39 4.10) LII (.24) 30 (.37) 3.10 (.11) 4.13 (.Zs)~
Ca * 4.10 (JO) 3.13 (10) 3.10 (.~~) 4.10 (.25) 1.12 (.1z)~ 3 . 1  (1.10) 2.10 (0)
ma • 3.33 (.40) L~~ ~~ 3.10 (.Ii)~ 3.29 (.17) 3.13 (.10) 3.10 (.10) 3.34 (.11)
19$ • *.10 (.1~ 3.104.10) Lu (.IS)~ 2.03 4.00) 3.u (.ss)1 2.13 4.12) 3.704.11)
IlL 39 LII (.01) LU (.57) 311 (~~ )4 LII (.14) 3.17 (.07) 1.11 (.30) 2.07 (fl)

2.33 (.01) - LII (.0) 3.10 (.11) ~ LII (.25) 2.10 (.01) 2.13 (.10) 2.70 4.10)

___________________ • : : a .  ~~~~~~~~~~~~ •~~~~~~-~i~~ ___________________ 
- 

•

- ~~~I fAS) ~~s 7 f M )  ~ v 7 ( r d )  ~~~I4 (AS) ~~~14 (Pd) ~~~flt)~~ 
Isy 21 ftC12

10sI~~~hts~ 2.10 (.11) LI? (.00) 3.11 (.*) 2.70 (.22) 3.37 (.14) 2.10 (.44) 1.91 (.0)
• 

• ma • 4.U (.43) 3.71 (.41) I.,, (.a)d 4.73 (.07) 4.71 (.10) - 3.02 (.0) 4.12
Ca A 4.10(11) 10( 10) 2.0 (•4 )d 40 (.73) ~ 4$ (.43)~ 3.10 (.11) 3.20 (1.13~
ma 4.10 4.11) 2.25 (.21) $JQ (Jfld 3.14 (1.40) 4.11 (~~)d 2.29 (.03) 3.57 4.73)

• 191 312 4.22) 2.104.10) Lii (Js)~ 3.114.33) 3.10 (.I4)~ 2.14 (.21) 3.~
• 39 2.40 ( I$)~ LIZ (JO) 3.12 (J4) 

- 
1.4(30) 3.12 f.Il)~~ 2.31 (.37) t.fl f.I1)~~

0 2.40 (10) 3.17 (.11) ZJO 2.24 (.31) 2.43 (a lOd 21* (.05) LII t.7S1~5d

•p~~~~~~~~i~Sts4 IUSS1SINS s.5s. 410).

I~is.1 tilt e~~~~ (02).

‘ljgelflcuuit kue.ie s.SP seditilsOl fr c .01).

JSpSfIe.1 twsiis s~~~ lslspou ss~~ (p s .01).

~~3 M~~ls sipifl ~~t l.... .us tier asoligeus i~~~~ (p ~~ .01).

~PI144It I ~~~~~ 1..  S!Sr tiOtUINI IU~~~ (p ~ .1*3.
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