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Coccidioidomyr.osi s 

 a five month old  mal e clevclope d low grade fev er, malaise, 
and ir r itabi lity in  1967. He was treated with su lfa :for three 
weeks for urinary tract infec ti on although lhe culture was negative . One 
month later the motb e r brought him to th e physician b ecaus e h e had de
v e lop ed a s li gh t cou g h and was not eating very w Pll . . Ch es t x -ray at this 
t i.me rev eal ed a nodu lar inf iltrate cover ing the l e ft upp er lobe. A pre
sumptive diagnosis of media stin a l mas s or tumor was mad e . There was 
o ver expansion of the left lower lobe; otherwise , phys ical exam ination 
was enti re ly n egati vP.. The patient looked good for a G month old . He ha d 
no f ever in th e ho spital. An aspi ra ti on broncho gram was done wb ich 
showed no :filling in th e left upper lobe. An angiograrn wai'; done which r e
vealed narrowing of the arteri es compatible iv ith pu lmonary parenchyma l 
dis ease. B ecause o:f th e possibility o:f tuhcrculo s i.s, skin tests were ap
pli e d . Tbe tub crcu li.n skin tests was n egati ve but th e coccidioid a l test 
was greater tb an 2 0 mm of induration. Complement fi xat ion tit er showed 
a tit er of 1 :3 2. Gastric washings were obtained aml spheru l es were demon
strated in the smear and a positive cultur e for Cocci.dioides immitis was 
d emon str a t e d . 

The p atient had never been travel ed o ut s id e of Dallas County . His 
grandfather worked a t the local zoo hut h e had n ever b eC'n to the :;:oo. 
Finally, a hi story was ob taine d that in December a package of paintings 
from an esta te in Southern California was open e d in th•~ l.i vin g room of tlw 
hom e. The pai ntings ha d b f~en wrapp erl in cxcdsior and lh e baby ha d b r:en 
in tbe vicinity . F urth er studies could not be cl on e since the excr: l s ior had 
b een removed. Skin t es t s o f the parents and sibling wr:re negative and 
complement fixation t e st of on e parent was negative. Afte r cons ulLa tion 
with a uthoriti es in California and Arizona it was deci d f! d that n o th erapy 
would be: giv e n and Lh e pati ent wou ld b e followed. l-Ie dicl very we-' ll and six 
months la t e r nearly complete r 10solution of l: he infiltrate was pr·escnl. 

Thi s case cl ernons lra lcs tb e possibility of infection by fomites a l 
sights di s l:ant from Lh e end em i c area of Sout her n Californi a , Ari zon a and 
Wes tern T exas. Previous s tu d i es have d c:rnons L·ratcxi Lll a l lhe or·gani mn 
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can be s hipp ed many miles away from the endemic s ite. Although the 
infec tion in the lun gs was far adva nced in this individual, there~ wa s no 
evidfmce of dissemination . Consequently, the patient was followed 
without s 1wcific therapy . Tbi s c]( ~ rnonslrat<~ s that even in a very early 
age group m.ost individual s do very wdl with even Jar advanced pr i 
mary pulmonary coccid ioidomyco s is . 

, a 32 year old  m a le from , Texas, becam e i. ll in 
, 1968 , with a productiv e cough. left c hest pain, nigllt !:iWeals , 

malai se and weight lo ss. An x-ra y s how ed left upper lob e pneum oni tis 
and a small cavity Jn the left lower lobe After a nt ibiotic trea tm ent, 
the infiltrate resolved to some exten t but a coin J_esion remained . He was 
referred to a thoracic surgeon in Dallas who removed the superior seg
ment of the left upper lobe wh i ch contained the residua of a .lun g ;.: .sccss. 
A complement fixation tesl was negat ive at this time but sputum a nd 
specimens from the abscess cav ity grew Coccidoides'immitis . Pathologi
cal examination revealed n umerous inflammatory c e ll s and fibrous tissu e 
but no granuloma. No fungi were seen on microscopic examination . He 
was given two and a half grams of Amphoter l c i.n B intravenou s ly following 
su;· _--:e ry. A thick-walled cavity developed and in creased to 2 1/ 2 em 
diameter and in thickness during observa tion; however , by June, 19G8, 
the cavity became smaller. The patient continued to bavc malaise, heavy 
cough with occasional hemoptysis , night sweats and weight loss . He was 
transferred to the  in , 19G8 . He bad a 
rapidly en larging cavity in the l eft upper lobe . A ches l tube was inserted 
into the cavity for drainage . Spulurn, cavi ty material and urine cultur es 
all grew Coccidiodes _imm~!:..!:.?.. Labora tory findings at this time : ;1cluded 
a Hc t . of 43, white b l ood cell counl 8 , 00 0 with norma l differential. BUN 
21, creatinin e, 0 . 8, and an SGOT 45. Serum e lectrophores is was within 
normal limits . A coccidioidal complement fixation was 1 ·4, hi s toplasma 
1 :16 . The patient was treated with 800 rng o.f Arnphoteracin Bin two 
months. Toward the end of the two months, he develop e d elevated BUN 's 
and urinary changes wit h very small quantities . Tn th e meantin1c, hi s 
cavity decrease d in s i ze and th e s putum b ecame negative. Consc ~ quc' ntly 
he was discharged a nd .followed. He did well throu g hout th e sumrn<~r a nd 
his weight stabili zed . He att..:mpted to work but he would be ti red after 
thr ee to four clays on the job . Dust bothered him con siderably by 
aggravating his cou gh. Six weeks p rior to adm is sion in , 1969 . 
he developed a head and ches t co ld witl1 increas in g sputum, which be-· 
came purulent and fou l smellin g. He was re-admitted to the  i.n 

, J 968 . At this time, he ha d decreased expansion of the l eft 
chest and modera te quantity of expira tory wheezes throughout th e c; est. 
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Chest fi lms showed enla rgeme nt of the cavity with some pulmoni.c infi l 
trates s urrounding th e cavity . Sputum culturf! was n egative. CF te s ts 
on admission was n ega t ive but was 1 ·16 one month l a ter. His x-ray 
improved prior to ins tituti on of Arnpt10tcracin B and palient r e m ained 
afebrile a nd free of symptoms on hospita l ambu lation . He did d ev elop 
hemoptysis dunng Decem ber , a t whic h lim e infiltrates increased in the 
vicinity of the cav i ty and th e size of Lhe cavity inc reased. Ilowever , in 
three we e ks, both the cav ity and Lhe mfiltral e had impro ved. During 
this time he did rec e ive Amphoteracin B but only 110 mg of it prior to 
the tim e of im.provement . 

This patient course demonstrates some pr eviously ob ser ved f ea-
tures of coccidioidomyc o s is. First of all, surgery during the time of 
active infection often l eads to wors e ning of residu a l pulmona ry finding 
and may even result in di ssemination . Hi s most r ecent admisswn appears 
lob e Lhe result of a secondary ba c terial infe ction in a persisten t coccidioidal 
cavity . There is lilll e evidence of dis sem ination or even activation of th e 
coccidioidal infe ction a t this Lime , c onsequently treatment is probab ly 
not necessary at Lhe present time. 

Coccidioidomycosis is an infectious dis ease produced by the in
halation of the fungu s Coccidioides immitis . The disease i s endemic in 
the Southw es tern Unit ed States:ir1cluding a large area of West Texas . 
The primary infection i s asymptom atic in many , a nd symptomatic in 
fe c tions (Valley fever, San Joaquim fever , Valley rheumatism) are s hort 
lived in rnos( Less lhan 1% of tho s e with an infec tion develop di sseminated 
infection . It is important to recognize this stage of the infection since 
treatment docs reduc e the mortality rate. 

Epidemiology 

Cocci.dioidomycosis is endemic in the semi-arid Southwestern Unit e d 
States in an area corresponding to the limits of the lower Sonoran Life Zone. 
The area of endemi city extends into Mexico, including the states of 
Sonora a nd Baja , California . Other end emic areas include the Comayagua 
Vall ey of Honduras, certain Vene zuelan states and the Gra n Chaco-
Pampa region of South Arberica (Pa ragua:; and Argentina) . 

The organism exi s ts in soil in a mycelial form, from which are 
produc ed great nurnb er s of chlamydospores which are infectious . In a 
series of studies, Srnith and co-workers made s ignifi cant observations 
whic h demonstrated that du s t i s Lhc mechanism by which Lhe fungu s i s 
transported (1 -3 ). Studies under controll e d conditions s how that the fungus 
i s hardy a ncl resists very high and low temperatures, is even resistant to 
Na Cl at 4 C, and that spores remain viable for many months in water ( 4). 
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A larger pcrcenlagt; of s01 l sampl,~s col lcct c ri a t lhc end of the rainy 
SP.ason are posil ivc for fungus. They are poslti vo at tJ, c surface al this 
t1mc whereas samp l es ar·t' posit1vc 4 ro 12 n~clws below t he surface fo l -
J.owl n g th e dry season (5J Jn th e San .Joa qUJm Va ll ey, il is ·a disease 
which occurs from .T utlf! to D c·ccn-lb('r. ll has been E>hown thal maximal 
infect ion rale of coccidioidomycosis occurs 111 th e d r-y summer and 
autumn followin g um1 s ua ll y heavy pr_ccipitzt! o n du ;.·ing the wcLw inlcr sea
s on (1 , 3) P res umably . a wet \VJ nter season a1 cl s 111 th e mu ll1p l1catJOn 
of th e fungus 111 natu re . alL hough an nnmediatc b endici a l effect of the 
ra in is to keep the chlamyclo s po rc s from blowmg about i n th e ai r A nnua l 
infec tion rates of up to 25o/n have been clcmonslJ'atccl . Du s t control a t 
m il.lLary b ases does rP.ducc inJ .. clion rates ( 3, 6) The cont ro l measures in
c lude s p aving roads and runways at airfie lds grass1ng m recrea tio n 
areas , Lh c encou rag1ng of sw imming as a spOl'l rather than bas cb a l.l, a nd 
the u sr: of h1ghly rc'!finecl 01 l . '1 ath l ct1c: areas 

Coccidioidomy cos J s wh1 ch occurs oul of i he cncl(~ ffil c area from 
fonntc s transported Ir01n t h<C cnderm c area has been c l cady d emons trated , 
as illu s trated by t he pres ent case r epor t ancl others (7) . The indi vidu a l 
infected in Georgia had b e(~ Jl unloading "i:;hort-fibc~r col t.on" from f r e i g ht 
cars which had b een loade d in Tul a ne C a lifor ni a (in th e San Joaquim 
Valley) . Man - to-rnan i nfection has no t been a maJor prob l crn i n hospita l s 
in the c nd e rni c area HowcNcr , s i x hurnan inf r'c tions devC'lopP.d following 
exposun~ to lhe dress1ngs from a patient with cocc idJmdal o steonycl.iti s ( 8 ) . 
L abora l·o ry acquired infection 1s a probl em sJnce infcct10us pa rltcl es are 
produ ced in grea t numbers wiL hi.n the fir st week o:f g row th ( 9}. Sla nts 
only (not p etri. dis hes) shou l d l'<:' us ed in d i rect mixtlH'C Delayed hyper 
sensi tivity to coccid10ichn skin - •. . ;: in g anhgcn a.ppcar·s :from 2 lo 2 1 
days afte r th e onset of E;ymptoms (i ncuba t ion period is 7 to 28 days ) . In 
p a ti ents wi th erythen1a nodos um l:lw tes ting ant'lgc~n mus t be diluted s ome
times to 1:1 , 000 or local or system ·ic rr~ac twns can occur (D l . T hi s 
sen s itivity i s generall y of lo n g duratJOn , a lt hough i l may wan e s lowly . 
L oss o:f previou s skin [P.s ting sr'ns1 t ivi ty may be a bad prognosti c sign. I n 
p a tient s with di. ssemi n a.l' e rl rlisf~ase, 70 o/o fa1ls to r c>act. l o a 1 .10 dih1Lion (10). 

Prc>cipitin antibody l. es l. is pos it ive ear ly 1n Lh c 111fccti on . w ilh 
po si tive t(~ sl:s occurring d uring lhe; !' Cond to fo ur th wee k of illness (11 . 12 ) . 
The prccipiti n s a r c transi e0 1. and arc n o longer clcmonslrrt.b l <' in a maj ority 
of (:ases by llw sevent h week Cornpkmc~nl fixat ion a ntibo dy ( CF') to 
coccidio·[clin d evelops from thn~e to e i g h t weeks aHc .t · infec :.ion, a nd t end s 
to persist for longer period s . H ba s b een cl ernon s t nl l. c d I ha l Llw prc~c ipiti. n 

antibody i s oJ JgM class a n d CF i. s in JgG r.J ass (1 3) All hougJ·, t.lw CF 
tes t is of lirni tcd valm~ in th e d iagr ams of many m ild to mod e r a t e ly sever e 
prima r y cases. it i s ii1Valu a bJ c i n l.h c eva lu a tion of t. h c progr('ss ol' dt seas e . 
In gen era l , low l e v e l s of C F (l ess tha n 1 : 16) arc seen in many patients with 
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pulmo na ry disease that do cs nol p1·ogrcss ( 1 l, 12 , 1 4 ) Jlowcvcr, a CF 
l eve l of 1 :32 or ab ove i s gcnr~ra ll y r cgarcl 0d 3s incli ca t1on of dis s eminat ion 
(11. 12 , 14). Persistence of hi gh CF level s (gccatcr than .l. 1G) arc 
indi cative of p1·ogr essivc disease . whllc cl imimshmg CF l evel s arc 
g enerally associa led with clmi ca l improvcm cJ: t Th e C F level 111 cases 
wi t h dis s eminat ion is too late to b e of much va l ue The liter may not 
ri se until 8 to 1 2 w ee ks of the in fr!Ct Jon , wllef'eas ev1clencc of chssemina
tion may b e presenL by 4 weeks of illness \ Hl Hc s1 du" 1 CF tilers of 
1: 2 to 1 . 8 may pers i st 111 some pallcnts follmvhl:g r ecovery from a di s 
seminate d infection . One form of cllsscmwa t cd infcctJon with w ht c h low 
C F l evels arc found i s centra l nervo us sys tem disease, u s u a lly m eni ngiti s 
(12) . In 76 % of t h e pa li. enls wi.th meningit i s, the cerebrospina l flmd CF 
is e l eva ted (11) . In some instances Lhe CSF liter rnay be positi ve and 
the serum CF n C"gati.ve. Tl11 s a ntibody is very hke ly locally produced 
antibody . The CF tit·er is not affec ted by the pnor a clmm is tratJOn of 
the skin te s ting antigen, s u c h as occurs. in hJ s toplasn; isJs (1 5). Thus . 
th e serolo gy in coccidio idomycos1 s i s of s i gmficant va lu e, n ot o nl y in L: : :~ 

diagnosis of active ly infected cases, but a l so as a gmd c to progno sts. 
The CF te st is of decide ly more benefit than in clisscnunated histoplasrnos i s 
and bla stomycosis ( 1 2 ) . Cross rcac tw n s arc common place. s inc e b oLh 
CF 1 evel s with blas tomyc cs and In stoplasma a nt i gen s may b e as hi g h as 
1 : 64 in coccidioidin CF n egati vc sera from pat1 ent s w1 Lh primary 
coccidioidomycosis (1 2i. Studi es in animal,:; have indicated tha t nnmunity 
to re - infection is p resent , especially wJib sphecul c-enclospore vacc in es (1 6) . 
Th e an tigen i s a cell wa ll anLigen a n d not in the so luble l'r ac twn ( 1 7) . 
Pro tec tions against reinfection in human s has been sugges t ed f r om the l'a:J 
tha t reinfection i s hi g hly un common in tnhal.JJtant.s of th e San Joaqui rn va l.l: .y 
(1). 

Clini cal Fealures 

As with many ot·he r infec ti ons of fun ga l ongm . 111fcction wi lh 
Coccidioid es i rnrru tis was assu m.cd to b e 1mcornmon for m.a ny years, a nd the 
di ssen~inat-ed form-( ca ll ed cocc JdJmcl a l grannlom a) was t ~!C on ly reco gni zed 
form Di~ ckson was Lhe first to be alert; ·; t ile assocwlw n of infection wi lh 
the fungus and th e common phenorncnon of Valley fever (J 8) . H e coll• ~ ct.cd 

350 cases of " San J ogquirn F ever" in f) months 111 1 D~i7 and ci<'mon s tl' a l C' cl 
skin les t sen f;i tivity to c o cci dioidin in a ll Smith th e n 111a ugurat e d lh c 
studies wh ~ '1 unfo ld e d th e c linica l m a n'ifesla ti ons of this common infec tion 
( 1' 2) . 

Smith observed tha t approx1matcly liO 'Y._, of new ly mfcctc~ cl ind iv idua l s 
had no syrnptom s . Of th e rcma1ning inl'cct Jou s H i% wcr·e s u c h mllcl i ufcc
tion s lhat. individual s cl icl not seck medical assistan ce whereas 24% o f a ll 
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cases were seen by a physi c wn . The chm cal picture is that of an 
"influ enza - li ke" syndrome , \Nith malai S':.. c<Jsy fat i gmb.il ity, f ever , 
w e ight loss, a nd a non- productive cough m a m8Jority of t hose wilh 
symp toms (2, 0, 1D). Occa s ional pat i e n ts w:ll have mild hernoply sis 
wilh a p rodu ctive coug h . !\ maJon ty of !.he symplomati c cases have 
pleu ral pa in, son1chmes sucldcn 111 on se t and severe enough to in ter
f ere with breathing . A macu lar, cry t hcn•<~tous, rash i s present in 
ab out 10 %. Erythema noclosum i s present in 4 to %of a ll cases, 
occurring u suall y as red nodulf's ovc.c lhc antc~r i a l tibia l area. A 
hi gher p reval ence raLe of ery thema noclosum (24%) is p r es ent in fe
m a l es , w he r eas i t i.s very uncomrnon 111 Negroes . Erythema nodosu m 
oc cu rs from 2 to 14 days after :he o nset of syrnpLoms, usually be tween 
1- 2 wee ks , a nd s lnn tes t. hypcrs cns Jti vJty i s present at thi s time_;,.. 
No re lapses of re infec tions have been nol·ecl in those wiLh erythE~ma 
nodosu m. (1) . Many symptomatic ca ~es have ar thra l gias, bu t a rthriti s 
oc c u rs in a b out 8% of syrnptomaLic cases. t erm e d "deser t r heu ma ti sm " . 
The a nkl es and knees are commonly involved, alt hough i t may affect 
any j oint . The symptoms usually las t no m.ore Lhan two weeks a nd 
clear wi thout seque lae. .J otnt effusion is un common. 

The radio logi a l pi cture in acut e pri m a ry di sease i s var ied . 
P e ribronc hial infi llrates are frequenl , paren c l·ysial l esions can vary 
fro m mo t tling to homogenous consolida tJ on s Although l esion s may b e 
a nyw her e, tb ey are more commonl y in Lh e lower lob es O l ' the base of 
the upp e r l ob es . Reso lution of lb e x- ray findi ngs 1s usually r a p id , bu t 
dense conso lidation s may requir e several n1.onths to c l ear. Acu te 
com plications w h1ch are u sua lly benign include p l eu r i sy with effu s i on, 
p ericardi ti s, and acu te cavi tat ion; mos i of t he la t ter cl ose s ponta n eou s ly . 

The dr ead f eature of th1s in f ection i s di ssemina tion of th e in 
f ec lion to i nvo lve di.slant s i te s. Dissem1na1ion of the organism witho u t 
clini cally a pparent evi den ce a nd w1 t houL progression i s likely as com
mon in thi s di sorder as it i s i.n histop lasmo s ts (2 1 ) . Clini cally 
r eco gni zable disserrnna li on occur s i n l ess than 0 . 5% of Ca ucasia n s (2) . 
The ris k fo r n on - Cau casia ns is con s ·icl e rably grea ter however, a nd 
Smith has cal culated s u c h r i s k as 23 Li mes g 1·ea t e r fo r Negro es a nd 1 DO 
times gr ea ter for F ili pigos . Ano th e r group a l great r i s k from el i sscmi 
nat c c1 di sease i s pregnant f emales , w hereas fe m a l es no r ma lly llave a 
low ri sk of di ssemina ti on . Most have cl issenuna ti on du ri ng the initi a l 
pa rt of th e i lln ess, a maJonly wi l hll1 1 month of .onse t a ncl a ll in Smiths ' 
ex p eri e n ce wit hin 4 mont hs (2) . f n no n e of Smi lh' s group wa s th ere a 
long latent pe r iod, bu t a ll con lmu cd to have symptom s un til di sse mina tion 
was reco gni zed . 
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The bes t descr iption a nd delineation of th e course of individual s 
who have disseminated cocci dioidomycos i s i s tha t by Co lw ell and Tillma n 
(1 4 ). They studi ed 4 2 patien ts with p r ima r y pulmona ry cocc idioidomy
cosi s and 8 wit h dis seminated infection. Sin1ilar compla int s on adm i ss ion 
to hospital were present in both groups (Table 1) . However, m alai se 
and weight loss were more prominent in those w ho later ha d evidence of 
di ssemina tion. 

Table 1 

Ma jor Differenc es in Two Groups with Coccidioidomycosi s upon Admission 

Findings 

Hi s to r y 

Ne gro 

Ches t pain 

Ma la ise 

Weig ht Loss 

Physical 

Temperatur e . 

Extra pulmonary 

Labora tory 

Para trac heal 
Adenopathy 

v 

Primary (42 ) 

12% 

84o/o 

4% 

5o/o 

100 

0 

2o/o 
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Diss eminated (8) 
/ 

62% 

25% 

65o/o 

88o/o 

102 

25% 

7 5o/o 
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Table II 

Ma jor Differences in Two Groups after Four Week Observa tion : 
Coccidio idomyco s is 

Findings Prima ry ( <12) Disseminated (8) 

Temp era tur e 2o/o 1 OO o/o 

Extra pulmonary 
findin gs 0 71 o/o 

X-ray 

Stable 78o/o 0 

Uns ta ble 8o/o 1 OOo/o 

N ew lnflltra te 5o/a 71 o/o 

T ransbronchial spread 2o/o 29o/o 

P a ralrachcal 
Adenopathy 2o/o 71% 

Physical findin gs were s imilar in both group s a lthough two al
r eady had evidence of dissemination on admiss ion. On e ea rly clue 
that separ ated the group s was the radiological :findings of right hi l a r 
a nd paratra chea l adenopa t hy in six in the di sseminated group, whereas 
only one with prima r y dis ease had this. 

The cours e in the first 4 weeks was clifferenL in that fever 
persist e d, weighl loss was s till prominent a n d physical evid ence of 
diss e mination (supraclavicula r ad e nopat hy, sr~ pti cemia , skin l esions ) 
w as often present. In addition, changing che s t x- r ays w ith mediastina l 
adenopat hy and tran s bronchial spread were common. They were abl e 
to prove di ssemination by obta ining cultures from lymp h n odes, s kin 
or blood. Unfortunately, se rolo gical titers , a lthou g h ultima tely he lp
ful,clid n ot change until a t l eas t 11 weeks after spr ea d. Liver biopsy 
was noL u sed in this ser ies, but it has been he lJ .ful in es tabli s hin g the 
diagnos is (2 2). Since a m a jority of those dyin g have pa thologica l 
changes in the liver includin g microscopic evide nce of th e ftll11-,'Ll S, this 
shou ld be as a helpfu't t est as it is in dis seminated hi s toplas::n i)St.'; 
(23, 24) . 

Meningitis as a manifes ta tion of dissemination m.ay appear in the 
c::.:1r se of the primary di sease. More often it. a pp ears vvi th a n insiduous 
onset 1 to 2 monlhs later with headac he, nuchal ·r igidity, and front a l lobe 
signs such as confusion o r drowsiness . At thi s s tage, la boratory findings 
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are oft en limite d to t he sp inal fluid , a nd a r c tho se c haracteristic of 
a granulomatous meningit i s ( c l cvaLcd protein , low CSF s u gar, a nd 
pleocytos i s with mononuclear p redominance). Occasiona ll y , a sig
nifi cant numb e r of cos inophilcs may be pr esent The organism i s 
rarely culturab l c, but th e CSF CF tiler is oflen posi ti ve (.ll} . 

Other man ifes tations of eli sscm inat ed disease includ e cutaneous 
l esions s uch as s ub cutaneous nodules whic h often lea d to an a b scess or 
draining s inuses, bon e invo l vem ent, a nd eye invo lvement. . 
cutaneous in vo lv ement with an ulc erative nodul e arising at 
ino cu lation has been demonstrated ( 25 ). 

Primary 
s ite of 

Primary infection often leaves resid ual. findi ngs on c hes t x-
ray (50 % of cas es ) (2G) . This includ es fibrotic scarring, calcified ly mph 
nodes, and cav ities . These l esions rarely a rc eviden ce of di ssemina
tion except und e r the situations as outline d abov e. In particular, the 
continu ed p ersist enc e of a cavity i s r arely associated 'w ith evidence 
of di ssemina tion . In most, surgical interven tion i s not necessary, s ince 
mos.t recede s low ly. Later, they often can only b e demonstrated w ith 
planograms . Increase in cavity size may occur w hen seconda r y bact erial 
infection occurs (clu e to partial bronchi.a l obstruction l eading to 
ballooning of cavity) (2'7) . This is n ot a r esult of s pr ead of infect ion 
as was thou g ht in th e case describe d ab ove a nd is very r a rely associated 
with di ssemination of the infccLion . PositlVC cu ltures can b e obta ine d 
f rom residual ~~avities, much as indh riclual s w ith cavi tary tub erculosis may 
have po s itive c ultures with bacterial pn eumonia even when di sease is 
inactive . 

Therapy 

Most individual s do well with no specific the r a py . The major 
concern is lo r ecogniz e those who eli s semmate , a n d thi s should be observed 
far early in the course. If evidence of a dissemination oc c urs, lr catrncnt 
with Amphotericin B should be in s t1tutccl . Although the organism 
is moderately resi stant. to A mphotericin B (unli ke cryptococci and hi.s to 
pla s ma) early trea tm ent is very effective (14 , 26 , 28). ln cas es tr ea led 
early , 1- 2 grams have b een effective. Individua l s with skin l es ions and 
coccidiocla l menin giti s · require intralhccal tr e atm e nt as well as inl ra
venous therapy ( 29 ). Th e intrath eral tr ea tment is besl ac:co ~-l.p li s hcd w it.h 
inj ec tion s into the la tera l ventricle v ia an Onmaya pump (30 , 31) . The 
meningitis fr equ ently relaps es and oft en wce ;dy Lreal:mcnt is n eces sary 
on a continuous basis . 

Treatm ent with Amphoteric in B i s fraught. with hazard clue to the 

/ 

lo cal a nd sys temic reactions as well ai> the renal cornpl ica lion s of therapy (3 2). 
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The b es t evidence indi cates that mi ld ab norrnali.ti es do persi s t in in 
diviciual s trca t c ci with the drug, that thi s i s dose related( > 4 g m ) . a nd 
that r e- t rP.atm<:nt is oft en difficull . Consequcnlly, o n e must h e ccl'ta in 
eli ssemin a lion i s prese nt b efore therapy i s inslilutPd; guid eli n es for 
su c h are rather well e s ta blished (14) 
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Leprosy 

. a 41 year old  from , T exas 
not ed an erythematous nodular eruption over l eft l eg 20 years ago. She 
a l so not ed intermittent swel.l.ing o£ ears and nasal. ob s truction . A sero
logical tes t for syphilis was positive, but penicillin and later bismuth/ 
arsenical treatment fail ed to affect the course of l es ions . The skin l esions 
l eft tl:ickened areas but she did not no te sensory cha nges . T en years ago 
the eruption was intermittently present over he r fa ce, for e head a nd arms . 
Three y ear s ago she noted an increase in the e ruptions over extr emi ti es 
and face . The eruption would be painful and red, would swell and form 
a scal e followed by ulc e ration. The nasal dis c ha r ge b ecame purul e nt, the 
no se eventually fla lt en ed and s he lo s t eyebrows and eyelasber;, She a l so 
not ed cloudiness of vision and d eepening of voice . 

Whil e staying wit h daughter in Dalla s , she cam e to the Dermato logy 
clinic, where a presurnptive dia gnosis of l eprosy was made ancl a bi opsy 
obta ined. Thi s s howed histio cy tic il!filtr a te in skiu wi th large numb e r s 
of ac id fas t bacilli. Physica l examina tion showed a s l.i gh Ll::, obese f e roal e 
with erythunalous papules , some scaling <-.tnd hyperpigmer~:cc.J a r ea£; over 
uppe r a nd tow er extr emities . She ha d rn l.' ltipl e sup C: rfi ::; i a l hrgc and sma ll 
ulce rs ovu" lovver e}: Lr em iti es. Sh e b&d a fl a tt eued nose wi.t.h pe rfor;:tecl 
se~)tnm, l eonin e fac i es, loss of eyebrow s and eyebs h.cs. He r corn<.:a had 
punc tate corneal opa c: ti es b ila t erally, which were E.ub epilhe l.ia l ami s lromal. 
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Corneal s<:nsation was dimini s hed . The ner ves were on ly moclcrat e ly 
thir 1<ened. The spl r!e n was enlarge d. She ha d multipl e ar<~as of diminished 
touch sensation. e s p ec ially ovr.r m id forehead and anterior wri s t 

L aboratory exa mination revea l e d H c t =35, wb c =7, 300, plate lets 
310,000 , urina lys i s= l . 028 S . G and nega ti ve sediment . L a te x was negat iv<: , 
BUN=ll, c r<:atin ine 0 . 8 m g%, TP =7 . 2 gm% w ith a lbumll1 3 . 5, g lohulin =<l 7 
(gamm a globillin =2 2 gmo/o). Li ver funct i on s tudi es s howed Br=O. 3 mg%, 
SCOT 54, albalin c pho s phalasc=2 7, cephalin iloc ull a tion =3+, lhymol tu-rbidity 
9. 9. VDTIL was nega ti v e~ on e tim e a nd r eac tive another ; FTA was 1·caclivc. 
PPD = 10 mm indu rat ion; lVIitsud a , not done. 

Leprosy i s a chronic infec tiou s disease caused by Mycob ac terium 
l eE_rae. One of the major end em i c areas for leprosy in the Unit ed Stale's 
is Texas, esp0.ci a lly for casf's in persons born in the U .S (Tab] 03). Since 
the patient above illu s tra te s that far-adva n ced disease may be p e rmitted 
to develop in individua l s in our a r0a and sin ce lhc di sease is associat<:d 
with mor<: mythology than vir tu a lly any other disease in the so - call ed mod ·
ern times, the following r evi ew i s pres ented to edify a nd dcmyf: holo gi z e . 
Th e outsta nding rcvi.e w of leprosy is tb e revision of Duoll.' s M edica l 
Bulletin by Guinto and Binford ( 33 ) . 

T abl e 3 

Leprosy - 19 50 - Jfl68 - U . S . 

S tates w i tb g r<:atest number) 
50-54 55-59 60- G·± 65-68 Total 

California 64 60 100 107 

Haw a ii 119 77 71 66 

Loui s iana 21 18 11 11 

New York 40 26 53 23 

Texas 8C 84 91 80 374 (21 %) 

Puerto Rico 88 41 46 47 

Total 4BO 357 456 429 J820 
(All S lates ) 
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Hi story 

Myth #1 Biblical leprosy was not l eprosy 

In spite of tlw frequ ent m ention of th e "lepra" and the dis ease , 
such description as is presented docs not s u gges t l epro sy (:3:3, 34). 
The wore~ "lepra" (vaguely app li ed to scaly skin eruptions) was chosen 
to avoid confusio n w i th any well-recognized enlily . Jn parti culat' , de
pi.gmentation ·i. s not. a feature of l eprosy and no l eprous lcsi.on was 
"whil e as snow " as was Naan1an's. The disease was present b efore the 
Chri sti an era, i.n Egypt , Africa, China, a nd Jncli.a. It spread throu gh 
Europe by military movements, crusaders and to America very l.i.kcly 
by the discoverers of America (a swa:· for syphi J is (34) ) . 

Myth #2 Leprosy no t a lways tropical 

The hi story of l eprosy indica tes tha t leprosy was imdemic in 
Europe in Medieval times. Om~ study indi cates that 76 o/o of skulls fr om 
graveya nis (12th to 16th century) s how cbarac leristic atrophy of 
l epromatous lep rosy ln llw 16th centu ry, tb P. discaf;>C d 0.c lin cd in 
Europ e but not i.n Scandinavia. Jt was especia lly prevalent i.n Norway, 
and the peak year of infections there was the mid-19th century. In fact, 
imm igran ts to th e Upper Missi s s ippi Valley brought l eprosy with them. 
anct few second generation p ersons acqui red the disease. Lf!prosy i s 
not only present in the Tropics today, but in Korea and Northern Japa n. 

Ep_id cmiology 

The total number of cases worldwide a pproac hes 1 0 .. 000 , 000 
(3/ 1, 000) . The highest prevalence rates are in t ropical African coun
tri es , followed by India and Southeast Asia . Cases continue to be reported 
in the Unit ed States with a small nu mber of s tates providing the great 
majority of cases (not the l east of which is Texas) (Tabl e 3) . The area 
of Texas endemi city i s from Bexar County sou thward t.o t he border. In 
addition to the areas mentioned. sporad ic cases have occurred in ve teran s 
who acquire the disease in military serv ice. The incubation period 
varies, and is up to 16 years in some, so that pa ti en ts may present with 
clinical illness long aft er thei r return from s uch end emi c areas (35). 

Myth #3 Feebl e contagiousn ess 

Many indi vidua l s i.n cont act wilh active cases r a r e ly acquire th e 
clinical disease. Human a nd mo s t animal tran smission s tudies have pro 
du ced n o c lini cal disease. however, certain fea tur es suggest th ai: l epro sy 
is a hi ghly contagious cli.seasc. 1) Contagiousness ha s a different con -
nota tion w hen applif"d to l eprosy. Up to one-half of all n ew cases of leprosy 
have not been associa ted fn any way with anyone known to have the di sease. 
In th ese in s tanceH, a ncestors or rela ti ves who had the di sease were not 
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available for s tudy when di :wase was firsl noted . )n so me of th e best 
f'picl cmiologi cal slurlics from Dr. Duoll's group working in the 
Philippines , !.be peak allack rale occurs in til e age g nmp 10-H (36) . 
Furlh<:rmore. th~: rC'activity to lc•p romin incrC'ases rapidly from 2 lo 
10 yC"ars so Lhat l c;;s t han 10 % arc lepromin negati ve by age 20 (cross
reac tivity vv1th tuberculin confuses lhc~ data to some degrPe). Thes e 
data would suppor t the contenti on lhal infC'ction i.s common a nd th e pos
itive l ep romin test is ~ · r;condary to previously ac.quir<'d infection 
2) Susceptible popul::llions ol'lc;n have a very hi[~h prevalence ;"al:c in 
a short period oJ time~. Th e h es t exa mple of this is of Lh e epidencic 
on Naur following the introduction of leprosy in 1912 . By 192 0 , 3 
individuals who wcrc; contacts of the first case had l eprosy. By 1925, 
one quarter of Lhe populat10n was aff c ~ cted (50 cases/ 1, 000 /year) 
Examples to the con trary. such as th e fa ilu re of any physi cian to ac
qui.r<: th e disP.ase, are simplistic justifications of the feeb ly conlagious
ness concept appli eel to an exceedin gly complex disease . Of th n 
mult'i'pl e :factors at·· work in s prea d of l eprosy, the most important 
would a ppea r to.be Lhat. a prolonged exposm·c is necl~ssary, that in
appar ent infec tion ralcs arc high among fam1ly contacts, a nd that cer 
tain poorly understood factors enhance resistance to c linical mani
festalions of tbe disease 

The mode of t.r a n sm i ssion 1 s not known, and th e long incubation 
period harnper s the gathering of 1mpor tant information The only 
known source of infnction is human contact . No connection ex isls be-· 
twe e n human lepro sy and murine (rat) leprosy or with other na tura l 
mycobacterial infect ions of man or an irnal. J t is not proven whether 
inhalalion of orga nisms . direct infection w i t.h inoculation throu g h 
breaks in sln n or through mucous membranes of lhe nose and th roa t.. or 
indirect contact with ingestion of organisms occurs. The mo sl app ealing 
hypol he s i s (Lo me ) i s t hat organisms are taken up from contarn:in atP.d 
material tlJ•·ough b reaks 1n skin or mucous m.embranes and a myco
bact e r emia ensues . Because of f ea tures of the organism (to b e described 
below) . the bacilli establish themselves mosl oflen in sk in and periphrral 
nerves . Mo s t of the bacilli arc removed and killed The long in cubation 
period and the failure to grow bacilli except in immunologically ddicient 
m > n suggest that it is a "slow mycobacteria " infection comparabl<' to 
recenll.y dnscribed slow virus in:fnchons ( :37) . Since :->llch mycnba c tc!l'Cmia 
would invo l ve very few organisms . il i. s unlikc~ ly tba L bacilli would be 
detect a ble on blo od srncars from patients in endemic areas . and cullurcs 
can not be clone as yet The small numb er a l s o would Javor t he abi l ity of 
m1.n:J' to kill and remove Lhc bac tlli . An cpidc;miologica l poi.nL favoring the 
hypoth esis is that attack J'atcs are l11 g hc s t in contacts of those with 
lepromatous l eprosy (G/1, 000/yea r) , the incllvicluals w ith larges t number 
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of organisms in skin a nd other externa l secretions ( 36 ) . Atta ck rates 
in contact s of tub erculo id cases , who s he d few bac i.lll , arc 1/1, 000/ycar. 
A careful study of avai la ble data Lhus s upport s lhc the sis that kprosy i s 
ind eed quite contagious. The myth that i s hardest for us as well as 
patients, family a nd friends to shake (Myth /14 A person with leprosy is 
_unclea n) i s sociologica l support for thi s di ffic ult to establish ep idemiolo gica l 
fact. 

Bacteri o lo g_y 

Mycobacterium l epr ae is an acid-fast , pleomorphic b aci llu s . It 
i s an obli gate int racytoplasmi c infective agen l not found in th e nucleu s of 
the host cell . Th e bacilli may form membrane-bound globi whi c h are 
c harac terized by opaguc clrop l e t s a nd a fo a my s tru c tu re (lepromatous 
l eprosy ) . Und er other conditions (borderline cases), b acilli occur sin;_ ly 
or in . small groups without formin g a limiting membt'an e. 

The b aci-lli do not mu ll.ip ly on or in ordinary bacteri o logica l media, 
but it has b een cultiva t ed in typica l fashio n in the mouse foot pad an d 
syst emi cally in thymec tomized -irradiated mice (:3 8. 39 ) . A significant 
f eatur e of the organism i s its p redilection for cer tain tissue, each havin g 
in common a lower temperatur e t·han int ernal body t empera tur e . These 
would include p e riplwra l nerves jn subcutaneous ti ssu e, nasal mucosa, 
the anteri.or po c-· ti.on of th e eye, the testes, lymph nod es draining the s kin 
a nd ski.n itn~lf . Pathologic studies of peripheral ner ves indi ca te that tb e 
follo wing n erves: ulnar nerve at medial condy le an d wrist, m edian nerve 
a t ca. :~pal tunn e l a eea. radial n erve at wrist and above e lbow, posterior 
tibia l nerve a t fl exo r r eti.eulari s, common p eron eal n erve a t fl exor 
rcticulari s an d a t neck of f ib r ila, fac i a l n erve a t. zygomat i c process, 
great a u ricular n erve at s ternoclavicula rmastoid m u sc l e , and supra
orbital n erve at foreh ead a ll are in vo lved w i.L h a n inflammatory process 
ju s t as the n e r ve l eaves muscl e bundl e or bony proces s (40) . 

P~ho~? g"Y._ 

E a rly l esions , such as those present in so·-call cd inde termina te cases, 
show a mild degree of round cell infiltra tion a round s mall vessels of s kin 
appendages and aroun d small n erves Bacilli. arc found in n crvc~s which 
appear norrn a l ot herwise. In tuh erc:ul.oi.d leprosy, l es ions in th e s kin re
sembl e other granulomatou s di s • ~as cs . Epit.h c li.oid ce ll s arc a n ·anged in 
a cluster which rnay or may no t contain g iaJ·t cell s . A lymphocy ti c 
infiltra t e wi ll ext end into th e cpi.clermis , small n e rves will b e absent, hut 
b acilli arc r ;_rely prcsenl . Granulomas may rep lace t he intra n eural 
structur e i.n peripheral n e rve s. T h e patholo gi cal featur e of l epromatou s 
cases i s lhe prolifera t10n of histiocytcs a round bl ood vessel s , n e r v es a nd 
dermal g la nd s. The macrophages a r e in:fi.lt ra t c·d with b acilli and "globi'' 
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(bacilli in compact g lobul a r masses ) replace intracellular s tructures 
of the cell s Bacilli are pre sent in larg e numb er s in small nerves , 
in macrophages in blood vessel walls , a nd even in cell s of the buffy 
coat . The perip heral nerves s how both rou n d cells a nd m a crophagcs 
with edema a nd infi ltra tio n of the neural c e ll s . The thickened pa rt of 
n erves show early a marked incr ease in nn m b e r s of baci lli a nd la[cr 
des tructio n of axis cylind ers wi th replaccrnent wi lh f ib rous tis s ue ( 40) . 
Since M . l epr ae i s the only bacillus know n to inva de ner ves primarily, 
th e d emon s tration of acid fas t bacilli. in n erves is conclu s i ve evidence 
of l eprosy. 

The patho logica l cha nges of the l epra reaction are similar to 
erythema nodosum although l eprologi sts consider e r ythema nodosum 
l eprosum (ENL) as uniqu e to leprosy. Patholo gically , the nwjo r dif-
ference is that acid fast baci lli arc found (sin ce the phenomenon pri-
m ari ly occurs in l ep roma tous cases). A rare but di s tinc ti ve pattern found 
par ticular ly in l eprosy patients fro m Mexico (and demonstra ted by ow· 
p a ti ent) i s the "Lucio " phenomenon (e r yt h e111a n ecro ti sans ) . In this r ea c tion, 
acute vasculiti s of the capillaries occur s whi ch l eads to i schacmic necrosis 
a nd ulc e ration. 

Immunology 

The skin tes t utiliz e d in l eprosy is heated ti ssu e from lepromatou s 
cases . This mat eri a l containing organisms and s tandard ized to GOO rnil 
lion organisms p e r m l i s inj ect ed intrad ermally . An early reaction 
(po s itive Feri1anclez) with induration occ:urs i n some indi vJ.clu a l s at 48 to 
72 hour s. The Mitsuda respon se i s th e formation of a nodule in approxi 
mately 7 to 10 days which r eaches its peak in 3 to 4 \'/eeks. The Mitsucla 
te s t is said to b e negative invaribly in l eprornatous lepro sy a nd positive 
in tub erculoid cases . 

Fluores c ent antibody techniques re\·cal a ntigeni c relationships b e
tween M. l eprae and M. calmct ti -guerin . Thus, i t i s possib l e s ome 
l epronin posi tive pa tientshave ha d tub er-culosis ra ther tha n l eprosy, thu s 
d ecr easin g the u sefulness of the tes t i. !1 epidemiologica l surveys. Tl1i s 
cross-reac tiv ity ha.s been cancelled out in some s tudies in w hic h fewer 
orga nisms are u s ed in the te s t ( 41). The t es t i s mo s t u seful in c lassifi 
cation. 

Spec ific a ntibodies M . l e prae ant i gens have b een demons trated by 
FA a nd precipita ting antibody G.~ clu1~1u es. Hypergammaglobu l inia has been 
known as a feature of l epromatou s l eprosy for some tim e Hcc ent s tudies 
revea l tha t thi s is du e to an inc r ease in immunoglobulin s G a nd A ( 42 ) . 
Other posi ti vc a ntibo dy te s ts in l eprosy inc lud e fa l se positive tests fo r 
syphili s (BFPS ) a nd pos itive LE cell phenome non. 
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Clinica l 
Feature s 
Character 
& progno
sis 

Heccnt stuct i es have ct emonstra!:ed impa irm ent of D NJ\ synthesis 
in stimulated l eu c o cytc s from patienls with l ep ro sy (4 2, 43 ) . Jmp;,tir-
m ent of lymphocy t e: tra n s form ation of l cucocytcs from le promatou s pati e nts 
is pres e nt when s tr ep tolysi n 0 is u sed a ~~ a n tigen , althou g h confli c ting 
data exists wh en PHA is u sed . Jn one stu ely, DNA synthesis i s impaired w hen 
patir:nts 1 serum is usee! in the test but no t with norma l serum . Tl11 s finding 
of ctcpressed DNA synth es i s in l epromatous cases corre la tes with tile 
de pression of de layed hypersensitivity reac tions to l epro.-~ ·; n as wc: ll a s 
to dinitrochlorobcnzen e ( 44, 45) . 

C li nical F eatures 

The first manifestations :>: lepro sy a re u sually slight a nd a r e 
oft en ignored by the patien t . In one prospec tive s tudy of c hi ldren of 
parents with lep rosy, n eu1·ologi ca l s i gns such as thi ckening of n erve trunks 
and s mall a re;,.s of hy p e r es the s ia or anesthesia preceedcx l sk in l esi ons 
whic h were evanscP.nt r edd en ed areas of sk in ( 4 6) . In indetermina te 
l eprosy (which m ay well b e the early s l.age of l eprosy) hypopigmcnted 
m acules which arc a n cs tlw tic art: pres ent . F ew b ac illi. arc s0.cn in skin 
scrapings . The classifica tion of the c linical types is gi ven in T abl e 4 
and a deta il e d comparison of l epromatous a nd tuberculoid l eprosy is given 
in Table 5. 

Table 4 

F undamental Distinctions Am~l2.[_th e Two Typ es an cl T wo Group s of Lepro sy Cases 

Lepromatous 
T ype 

Stable , -~aJ.ig_rl_ and 
progressive 

Borderline 
Group 

Un s table , eit her pro
gress i ve or r egress ive 

Jnd e ! erminate 
Group 

Un s tabl e, often r c
gr c! ssi vc; may pro
gres s to c i th c r 

1\Jolar" type 

Tub erculoid 
Type 

S tabl e, benign, 
usua lly regress 
i ve 

Skin l esions L epromas, papular Plaques , often annular Pale or pink ma
culcs 

Pal e macul.t~s or 
rai sed plaques, 
often a nnular 

Ne rve 
damage 

o;~: r10Ciular _ ____ -

§ l?_w~9_~ rnn?:eL.£~..::
cal 

Bac teria - Abundant bacilli 
scopy 

His tolo gy Xanthoma ·· like 

L ·omin N ega tiv e 
reac tion 

Generally more rapid 
tha n in leproma tou s ; 
symrn<~ trica l 

Many bacilli 

Sarcoi d:. like but w ith 
some lipid-filled cells; 
11 din1orphou s 11 

Nega ti ve or weakly 
pos itive 

- 1 B -

Usua lly c1nly s light Sudd 0.n, severe , 
and syrnme lri ca l -~~~~ ~~ii.(c8T-

Few bacilli , if any 

Bana l round·· cell 
infiltration 

Negative or weak
ly positive 

U sually no b aci.ll 
except <iuring rc: 
ac li ons , and in 
nerves 

Sarcoid- li ke 

Po '0_tivc,_ often 
s trongly s o 



T ab le 5 

De ta iled Compa rison of the Two "Polar " '~pes of Lepro sy. 

CLINICAL FEATURES 

Sit e of el ection 
Di s tribution 
Type of l es ion 
Vificera l involvement 
Mu cous m.embran c l es ions 
E ye invc,lvement 
B.ypopi gment ecl m ac ules 
Annular p laques 
Erythema ml,lltiformc or nodosum 
Fever 
Eyebrow a lopecia 
Gyn e comas tia 
Symmetry of involvement 
Nerve enlargement 
Nerve damage 
Skin anest hes ia 
Viscerai. damage 

HI )LOGIC FEATURES 

G eneral pattern 

Vacuola ted l epra cells 
Giant cells 

Lymphocy tes 
Lipoid 
Necrosis 

Nerve changes 

Viscera l amyloidosis 

BACTEitlOSCOPY 

Acid-fas t b acilli (M l_e12_r <_1_9) 

Lepromatou s 

Skin (a nd n erves) 
Genera li zed u sually 
L eproma or nodule 
Widespr ead s ub c linical 
Re gularly a nd early 
Often; late 
Occasionally; ea rly ; many 
Some ti mes 
In reaction s often 
In reactions usually 
Often 
Sometim es ; la te 
Usual 
Slow and symmetrical 
Late; often p a rtial 

Tub erculo id 

Nerve s (a n d skin) 
Loca li zed often 
Mac ul e and p laqu e 
Perhaps lymp h nodes 
Nose only;infrequ <'n t 
Ve ry r arely 
Frc:quently ; few 
Fre qu ently 
Nol seen 
Hardy 
Not seen 
Not seen 
E xcep ti ona l 

Late but inevitable; often on ex tremiti es 
Testicle only 

Rapid a nd asymmetr i 
guly, often complet 
Ear

1
ly 

1
a.nd

1
c oc;;. ten s iv 

W.rlt 1 sun cs1ons 
l\! ot seen 

Xanthoma- like; macrophages 
and hi s tiocy tes 

Always 
Occasiona l; for e i gn body or 
Touton type 

Few 
Abunda nt 
Rarely 

Fibrosis: slructure well p l :; 
served 

Common ; l a te 

Sarcoid- like : epi.thel.i.oid cell 
tub e rcl es a nd ly mphocytes 

Har e ly ; in N~acting cases only 
OHen; L an g ha n s ' ty pe 

Abund a nt 
Minima l 
Caseation : rar e in skin, 
corrnnon in nerv es 

Oblit eration of norm a l 
arcbi tcct:urc 

Not s een 

Abundant except in long- treated Hare o r lacking cxe r~pt durin g 
or burne d-out cases reac tions; ne ver a bundant 
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,.,'lbl e 5 ( continu ed ) 

SPECIAL T EST S 

L epromin (Mitsucla) r eac ti on 
· Sero logi c t ests for syp hilis 
Hyp e r globu l inemi a 
Ery throcyt e sed imentation ra te 

L epromatous 

Nega tive 
Bio logic fa l se po s i ti ve in ha lf of cases 
Usual 
E l eva ted, especia lly during reacl tons 

Tub erculo id 

Po sit i ve 
No falsl' posit ives 
E xc ep l iona l 
Usually norm a l 

In l epromatous lepro sy, a nasa l discha rge i s often the fir s t symptom. 
the f irs t cu taneou s manifestations arc maculcs, l ess commonly papules. 
The macu les may be hy popi gmented or erythematous and thi s l esion may 
or may not be hypopigmented, bu t it w i ll b e b ac ter iol ogically po s i tive. 
L a ter in the cou rse, diffu se infiltration of the ski n progresses Lo thicken-
ing of the skin o:f the extr emi l.i.cs a nd fac e and cxaggera twn of I he natural 
lin es .. Wi th infi.l trati.on arou nd hair fo ll icle s , hai r b ecomes s parse a nd 
eyeb rows a n d ey e las hes a re lost The nasa l discharge ( which is bacterio l 
ogi ca lly posi tive) b ecomes thi ck an d pu r ul ent , na~;::t l obstruction develops 
a nd destruc tion of cartilage ensues . With fib r o sis, the nose bec omes 
fla tt en ed a nd deformed and p e rfora ted nasal s eptum i s c omn1.on . The uvula 
and l ary nx n1.ay b e invo l ved a nd voice changes arc common . E ye in vo lve
m en t i s common ; th e eyelid , sclera , cornea. ir i s and ci li ary body become 
infi ltra ted and nodu l es form . All stages of kerat iti s may be sec;n Nodu l es 
of th e skin a n d s ubcutaneous ti ssu e may be present but seem to var·y fron1. 
country to coun try. If tou c h or temperature s en sa I. ion i s tes t ed for, areas 
not acc oun t ed for by p eripheral nerv e w ill b e a n es l. heti. c Th e se a rPas o c
cur in cool er a r eas of .lhe skin , whc1·cas pa lms and antec ubi ta l fo ssae 
w hic h are w a r m er are spared . 

The l epra reac tion , most commonly erythema nodosu m l e pronirn 
(ENL) , i s a poor ly understood buL v ery troubl esome p hcnorn enon 1n 
l e promatous l ep rosy , T he l esions occu r as crops of erythematou s no du l cs 
over cx tren1.it ies and face . las t :few clays to a week , a nd arc assocJated 
w ith fever a nd seve re constitu tiona l symp tom s and s ign s Painf ul n<'ur i l is, 
p e ri pheral neevc en largemen t, bony invo lvemen t (ant erior tJbia ) and 
a rthriti s m ay b e featu res T he attac ks may recu r and be quit e prolo nge d . 
The "Luci o " phenon1.enon is a s p ec ia l var ia nt o f r eac tive l ep r·osy in w hi c h 
r e d painful spots appear, progress to form ulcer s a nd hea l with !-;earring . 
Th ese r ecu r jus l as ENL does. It is a f orm of l epro sy see n i n M exico a n d 
Co s ta R ica a nd has been seen in cases from lh c U S (47 ) . 

Tuber culo id l epro sy is hera ld e d by a small a n cs t.llcl i.c p a lc · '1 or 
m acu l e T he on se t: may b e sud den wi. t h ery the m atou s pa pu les a nd with ac 
compa nyin g 11ainful n euriti s . However, t he typ ica l les ion i s a wc .ll defined .. 
di s tinct erythema tou s or hypopigmen t e d a nesthe ti c prrlf'i ~ . T he l e s ion i s 
negative-bacterio lo g ic a lly . T he l es ions may b e solitary or m ulti pl e; 
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t emp era tu re a n d p a in s<'n sation may b e distu rbed p rior lo touc h . T he 
ar ea w ill b e dr y ( swea t g l a nds arc~ destroyed) a nd hair will b e missin g. 
These l esion s w ill b e asymmetric in con t r ast lo t he symmclt· i ca l d i s
tr ibution o f the l es ion s in l epromatou s cas c~s . E nlargcrTJcnl of peri.
phera l nerv0s (e numera ted in p athology section) i s mor<' frequent in 
tub erculo i d l eprosy Lhan in lepromatous pati e nts . The infiltrative and 
flb rot ic c ha nges are parti cu larly promi n e nt in the ulnar <tnd comm.on 
p e r oneal n erves so that thenar, hypothenar and hand muscle atro p hy 
rnay develo p . " C law hand" a nd fool drop are common . T rop hi c u l cer s 
ar e a secon dar y manifestation of nerve da mage . Since bony pron1i. n cn ces 
ar e th e site of ulcers, gradu a l absorption of f ingers a n d locs may ensu e . 

L a bora to r y abno r malities are more common i.n l ep r omatous di s
case . These include m ild hy pochromi c anemia, e l evated sedimentation 
rat e , dec r eased a lbumin and inc1·eascd globu lin (J gG primarily ), BF'B S, 
and 1n il d B SP reten tion with otherwise normal liver fun c tion .s tu dies . 
Pro teinuria i s pr esent durin g reac li o n s ll pcrs i sts in Lhose w it h 
seconda r y a m y loidosi s . 

Th e cou rse in un treaLed l eproma tor y l epro sy i s s l ow ly p ro
gressive with death in 10 to 20 years. ln the U . S . , the mof; l common 
cause of d ea th is renal fai lure secondary to amyloicl o s1s ( L18 ) . In o ther 
part s of th e w orld , tuberculosis or seconda r y b ac t e ri a l i nfection s are 
the g r ea te st proble m . 

Dia gnosis can b e mad e p resumptive ly on c lini ca l grou nds . C on 
clus i ve proof i s b est establi s he d wi th the demons tr a tion of acHI - fa ~ ; t 

or gani s m s f r om smear s of skin or upon hi stologi cal examinat io n of 
biop sy m a t e ri a l. Si nce b acilli may n o t b e cl emon s t1·a ted in tuberculoid 
or ind e t e r m i nat e cases, t h e clinica l findi n gs of a n a nes t he tic macule 
and bi op sy evidence of gr a nu l om.a tous i nvo lvemen t o f lhe s kin or ter
m ina l ne r v es will confirm cliagnosi s. A c id - fas t organisms i n nasa l 
s ecr e tion s s hould n o t b e reli ed upon for d iagnosis s i.n cc nonpa thogen ic 
acid -· Ias t o rgani srn s n1.ay b2 recovered . Bacterernia has b een clcm.o n 
stra t e d in buffy coat s m ears in a ;-. l a jority of pa t1 e n ts wi lh l e p r o matous 
lepro sy (49 ) . Bacterem ia was p c t· sis l cn t in un treat e d cases a nd mo r e 
than 60o/o of th e bac illi were i nt racellul ar. These p a ti e nt s a l so dem o n 
stra ted l a r ge numb ers of bac iili in Kupffe r cell s and liver paren c hy m a , 
and on e ha lf ha d int race llular baClll i i n b on e m arr ow a s pi ra tes. Despit e 
thi s f ind in g these p a ti ent s were a f eb r ile a nd asymptoma ti c. 

Tr ca h1.1. ent 

Good r:ont r ol s tucl ie~ have d em on s tra t e d th a t the s ulfoncs , p a r 
ticularly p , pl su l:fony ldiar~ i :.: :w (DDS), a r e effec tive in the trea tment of 
l e p rom a tou s l e prosy . DDS i s th e most commonly u sed s ulfon e s ince it 
i s th e l eas t exp en sive . R ecent s Lu cl i.(~s in exp eri.m enta l mou se .infec ti.on 
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has s hown that most strains a rc sensitive to 0. 01 ug/ml of DDS (:.'>0) . 
Such l nvels can b e achieved within daily do se of 1 mg. The u su a l 
dosage schedu l e i s t o begin wJth 25 mg once week ly and slowly s ho r·ten 
intervo l of tr ea tm ent an d increa se dosage ( f1l). Wit h such treatment, 
the greates t improve rnent i.s observed in those with ulct~raled l es10n. 
Na sa l obstruct-ion a nd hoars enc :; s u sually irnprovc in 3-6 months . 
Ba c tcnolo gic n ega ti vity is slow ly attained , and even after 5 years of 
treatmen t , 50% of l eprom atous cases have positive smears. 

On e of the features of sulfone therapy tha t has been strikin g 
is th e apparent increase i.n reactions (particu la rly ENL) which oc curs 
up on instilution of therapy. Some recomm.end r educing th e dosage or 
stopping th e dru g altr,gc ther whil e aclm.inistering steroid s (51). A 
notabl e advance in the therapy of s uch reactions bas been made recently 
with the observation that tha lidomide treatment i s s u ccessful i.n 
suppress ing such reac tion s in Dlo/o of the a ttac ks ( 52) 

A promis ing drug (B6 G3 ) has b een sl"udied r ec·ently a nd ha s demonstrated 
clinica l effica cy in l ep romatou s cases, especially in those wi th ENL 
(53, 54 }. Marked i.mprovcment in ENL a n d neur iti s i s see n in 10 weeks , 
and s teroid s can b e discontinued . This drug is of parti cul ar usefulness 
in the uncommonly encountered lepromatou s case in which M . leprae 
is resis ta nt to sulfones. Toxici ty is m inimal, although ruclCline8;3 a nd 
hyperpigmentation of the skin does occur . The drug bas not been evalua t ed 
long enough to know if disease is reactivated after di sconti nuing th erapy 
such as occu rs in su lfone therapy. 

Ethambutol and rifamycin have been tri ed r ecently with fair results . 
Ethambutol in parhcular seems to have a rapi d bac terio c idal effect, but 
rapi d res i stanc e appears also . Al!hough combination th erapy has not been 
tri ed often in l eprosy, Lhe futur e u sc of one of these relatively non - toxic 
agents in comb ination with a sulfone or 13663 may be the app roac h . The 
limiting factor w ill be the cost sinc e at present leprosy is primari ly a 
disease of the non- afflu ent countries of the world. 

Prophy laxis with BCG bas bee n recommended by some si n ce it in
duces l epromin r eac tivity . Thi s n1.ay mean no mor e than that M l e prae 
cros s r eactE; vnth othc~r m ycobac terial a nti gens, and it may b ea-r tir).rcTa-tion
ship Lo protection aga in st: Jnfcc tion . Extens ive fi e ld trials have been p er·
forn:J.ed and re s u lts a t best are controvers ia l. I p ersona lly would favor 
(a s done in some co untrie s ) sulfone treatm ent of contac ts of lcpr on1.a tous 
cases, s ince it bas b e(m postul a te d that 80 % of acquired cases arc derived 
Jrom l epromatou s patients ( ~6 ) . 

33. Duoll, J . A . , revised by Guinto, H S . and Binford, C . H . : Leprosy. 
Medical B~lletin , MB-1 0, V . A., 1965. 

- 22-



I 

r .. 

. , 

34 . Arnold, H . C. : Paradoxes and misconceptions on l eprosy . . T. A.M.A. 
196:1 39 , 1966. 

35 . Leprosy, Unit ed Sta t es a nd Puer to Rico, 1 949-1968. Morbidity and 
Morto.li ty Heport 19 17, 1 97 0. 

36. Du o ll , J . A.: The epidemiology of l eprosy : pres ent status a nd pro
bl ems . Int . J. L eprosy 30·48, Hl62 . 

37. Gajdu sek, C. : Slow viru s infec tions of the central nervou s sys tem. 
New Eng. J . Med. 276:392, 19 67 . 

38. Shepard .. C , C . : A cid- fas t bacilli in nasal excretions in l eprosy a nd 
re sults of ino culation of m i ce. Am. J . Hyg. 71:1 47 , 1960. 

39. Rees , R . J . W . : Recent ad vanc es in the tra n smiss ion of hu man 
l eprosy to mice. Int. J . L eprosy. 36:584, 1968 (abstract). 

40 . J ob, C. K ., a nd Desika n, J .: Patholoi;; c: c ha nges a nd thei r di s t.r ibution 
in p e riph eral n erves in l e pr omatou s l eprosy. Int.' .J. Leprosy 36: 257, J 968. 

41. Bech e lli, L . M ., Nakamura, S . , Quaglia to, R., and L ima Filho, E . C. : 
L e promin t es t in non - contac ts . In t . .J. Leprosy 36 :611 , 19 G8 (a b s trac t). 

42. Sheagren , J. N ., Block, J. B. , Trautman, .T . R. , and Wolff. S.M . : 
Immunologic r eac tivity in pa ti ents w ith l epro sy . A nn. Int. Me d. 70: 295, 
1969 . 

43. Bullo ck, W . E . and Fasal, P . : Impa i rment of PHA and a nti gen-induced 
DNA syn thes i s in l cu cocyt es cultur ed fro m pa ti ent s wil.h l eprosy. Jnt . .J. 
Leprosy. 36 :608, 19GB (abs tra c t) . 

44. Waldorf, D.S . , Sheagren, J . N., Tra utma n, J.R . , a ncl B lock, J . B. : 
Impa ire d delay ed hypersensi tiv ity in l epromatous lep rosy . La ;·tcc t 2:'/73. 

' 19 66. 

45 . Bullo ck, W . E . : S tudies of immune mechanisms in l epro sy . I. Depression 
of d e layed a ll ergic r esponse to skin te s t a nti gen s . Ncw.En g. J . Mcd. 278. 
298, 19GB . 

46. Wayson, N . E . : The ea rly di agnosis of lepro sy. Int . .r . L .. eprosy. 4 :1 7'7 , 
1936 . 

47. Donner, R. S . a nd Shively, J. A.: The " Lu c io phenomenon" in diffu se 
l epro sy. Ann . Int. JVI ecl. 67:831, 1967 . 

-23-



r: 
I 

48. Shuttleworth, .T. S. and Hons, S. H . Secondary amyloidosis in leprosy. 
Ann . Int . Med. 45:23, 1956 . 

49. Drutz, D . .J. , Lu , W. H , and Chen. T . S . : The continuous b::tcteremia of 
l epromatous l eprosy. Clin. Ties. 17: 3G5, 1 968. (1\.bstract ) 

50. Wa ters , M F. H., Rees, R . J . W., and Ellard, G . A . : Expe1·i.mental 
and cli.nical s tudies on th e MIC of DDS in l eprosy . Int. J. Lepro sy 
36:651 , 1968 (abstract). 

51 . Trautman, ,J . R : The management of l eprosy and its compl.i. ca tions . 
New Eng . J. Med . 273:756 , 1965. 

52. Sheskin, J. and Sagher, F .. The presen t status of thalidomide treat
ment in lepra reaction and l epro sy . Int . J. Leprosy 36. 637, 1868 (ab st ract) . 

53. Williams, T.W., Molt, P . D, Wertlakc, P . T . : Hubio, .J B., Ad l er, 
H . C., Hill , G . J .. , Suarez, G.P . and Knight , V.: L eprosy r csc:arch at 
N . J. H . Experience with B663 in the treatment of leprosy . Int. J . 
Leprosy 33: 767, 1965 . 

54. Broune, J . G . : B663 in the treatment of leprosy. Int. J. Leprosy 
36:654, 1968 (ab stract) . 

The immunological response of the ho s t· has b een di vid e d into 
humoral (antibody} and delayed hy p e rsensitivity mechanisms. H ecent 
progress in the study of lymphocytes and macophages has broaclt!ned 
not only our knowled ge of the ir function but a l so has opene d up a whole 
series of inter-relationships . First of a ll , it i s bccorning apparenl Lhat 
the humoral factor s (or antibody) .which c ir culate indicate merely that 
lymphocytes have responded to antigenic s timul a tion a t some s ite~ a t lhe 
ho st . Recent s tudi es have indicated that locally produced a ntibody 
(either secretory l gA or IgG) may correlate more w ith protection tlw11 
circula ting antibody (55 -57 ) . F u rthermore, ccrla in experimen ta l cvi_
d e n ce indicates that S8rum antibody n1.ay under ccrlain c ircumstance s be 
derived from antibody produced locally at. lhe site of infec tion r a ther 
than from lymph nodes and s pleen (58). There arc sorn c confli t. ions 
in which circulating antibody i s associat ed wit h an unfavorable cl 1nica l 
setting . Two such s[tua tion s in clude severe bronchi,· .l. due t·o res
piratory synticia l virus in infanls with maternal antibody and local reac 
tion s t.o rubeola or th e a t tcnualed vacci n e s train in indi ,: iduals pr·cviou s ly 
immuni zed with a killed vaccine s train ( 58, 60 ) . 
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Evidenc e of de layed hypersen si ti vity by de noting i nd uration i n th e 
skin 48 to 72 hou rs afLer inj ection of ~n tigf:n also r cpresenls th e end re 
sult of a com plex series of events . lt do es require l lle movemen t of 
sen s iti zed cell s into lhe area (hence cellttl.ar irnmuni ty) Tiowe vc t·, a 
nu m b er of clinica l observa tions indi ca te tha t Lln s t est i s only a mal'ke r 
of pr eviou s sen si ti za ti on . "Anergy " i s a f cc.c tu re of sa r coH:los i s. ells
seminated fungus infection s. s u ch as cocciclioiclomyco s is. diss em inated 
tuber culo sis a nd in lepromatous l ep ro sy ( 14 , 33). Jt ha s been d e mon
strated that this i s not due to the inabili ty to deve lop the loca l rcar. lion 
since the t ransfer of buffy coal contai ning scnsi t i zed ce ll s can l ead to a 
po s itive r eact ion in s u ch patients ( G1 ) . On the oth er ha nd , the patho
lo gica l feature of sarcoido s is , the gran uloma, i s in fac t ev id e nce of de
layed hy p ersensitiv i ty. Substantial eviden ce can b e given (best worked 
out by Warren in Slusto somiasis) !.hat gr a nul oma formation is a m a nifcs
l. <". tion of de layed hypersensitivity: 

1) a gr anuloma represent s sensiti zation; 
2) thi s sen s i t i zation i s spcc1fic and; 
3) it can be transferred with c ells a nd no ! serum ( G2 ) 

ln dis seminated coccidioidomycosis a n d l eproma tous l epro sy , granulo ma formati on 
a s well as the lymphocytic and histiocytic i nfiltra tion indi ca te cellular 
ac tivi l.y of the immunological sys tem . The problem. in disseminated 
coccidioidomycosis a nd l epromatous l eprosy i s not necessari ly fa ilure 
of host respons e a s it is tha t ant. Jgen (or the infec ting agent) i s present 
in such excessive quantity that host response is overwhel n:Jecl Tlu; fa il-
ur e of circulatin g ly mphocytes lo r espond to PHA or SLO in l eproma tou s 
l epro sy could mean that the cells are exhau sted ( frorn s timu la tion with 
M . lcpr~~ a nti gens) (42 , 43) 

Th ere are numerous waY'.; to analyze immun e cell s morphologi
ca lly, fun ctionally , biologica lly , and by s tem cell dcl'iva twn (G 3) . The 
two immunologi cal cell types are the m acrophage and the ly mphocy te . 
Macrophages are wandering p hagocyti c cell s which arc motil e . s li c k to 
glass, s ta in w ith si lver, and po ssess lysosomal enzymes . Mo s t of these 
ar e deri ved from bone marrow . They have a rapid turnover of 1 -2 day s . 
Lymphocy tes, in general, can b e d escrib e d as immunoL1gi c cell s having 
non e of the at tributes of th e macrophage . In particul ar, the fa ilu re of 
lymphocytes to sti ck lo g lass ha s e nable d many investiga to rs t .~ sep a rate 
lymphocytes on glass wool o r b ead column s and study them fiepa r a te from 
other inha bita nt s of the buEy coal . 

Biologi cal observations, par ti cula rly studi es u si n g a bl a ti ve 
t ec hniqu es, have incli cat e el tha t lymphocy tes a r c lw l crogcn ou s even though 
th ey may lo ok a li kc (T a b] c G) . Bon e marrow cells are probably l he 
origina l stem cell. a nd it i s not thy mu s or s pleen depenclcnl . Thym u s 
c ells a rc n ol immuno compct <~n t, a llhou g h in cert a in a nim a ls they can par
ticipate in .i mmun c respon se. 
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Interactions b e tw e en gro up s of ly mphocy tes a nd wi. l h o ther cells 
occur in respons e l:o s tim ul a tion . It is presently hypot hesized t ha t t he 
m a crophage processes a ntige n a n d pr esent s i t I ·' th e ly m phocy te whic h 
produces a ntibody ( 64) . In te r actio ns b etween lymphocy t es hav e b e en 
show n by Cla m a n, l a te r by Mitc he ll a nd Mi ller a n d by Ta lm ad ge ( G5 - G7 ). 
Re cons titution of irra dia t ed s yn gen ei c mi ce wi th e i t he r thy mu s o r b one 
m a rrow cells does not s tim ula te a ntibody p rodu c tion ( G ~>) . However, 
recons titution with bot h cell ty pes do c s l ead to a ntibo dy ac ti vity. S tu d ie s 
using ce ll s with marke rs have indi ca te d lha t th e thymu s ce ll react 
specifically to a nti gen (a ntigen- s e n s itive) w he reas bon e m a rrow cell s 
are the antibody produ c in g c ell s (66) . It ha s been shown a lso !:ha l i n 
cubating immune ly mphocy tes from mic e in combina tion with s pl ec~n cell s 
can l e a d to synthe s i s of a ntibody, whereas immune lu m phocy tes a lo n e 
ca nnot (67 ) . In contras t, r econ s ti tution of irra dia t e d r a t s with itn mun e 
lympho cytes :from the thora ti c du c t can l ead to produ c tion of antibo dy ( Gll ). 

Further evidenc e tha t ly mpho cytes are not ho m o genm ts inc lu de th e 
following : diffe r ences in Life s pa n of the c e lls, th e centra l o r p c nph c r ::t l. 
origin of dif'ferenl c ell s , the diffe r cni ia l mi gra tory pa lhway s of c. dls 
from the variou s ly mph o id o r gan s , phy sical fraction a ti o n of cell s on a 
gradi ent, and the diffe ring r e spon se s of c e ll s from va riou s orga n s to 
PHA a nd a nti- ga mma g lobulin a nti s e r um (ACG) (G!:l) Da guillanl and 
Richt er hav e s h.own tha t b one m a r r ow ceLl s a ncl c e ll s of other ly mpho i.cl 
organ s r espond to PHA , A GG, a nd allo gene i c s timuli, w h c~rea s Lhy mu s 
cell s fa il to re s p ond to .1\GG . Th ey ha d prev iou s ly s how n tha t c i r cula ling 
lymphocy tes from pa ti e nt s with agamn1.aglobulin e mia would re spond to 
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PHA but not to AGG (70). They po stulalc· thaL c e ll s rcl:iponcl ing to l'HA 
and a llogeni c cells have th e capaciLy to medi at e cclL1l.ar i mm uniLy 
whereas those responding to i\GC have tl1 c capacity to nH' Lll al~ Immoral 
immunity . A lthou g h they pos tul a t e that Lhe same c e ll wmtlcl no t b e both, 
they have no evid en ce for this. Evidence li1~u tile aniilhJdy produ c1ng 
cell a nd cell media ting clclay t:cl hy pcrscns JLl vit y arc fron1 tltc same: or 
different cell lin es has been present e d bu t neil her po ss dJ i lJ ry can be 
proved with any certainty (7J ) . 

It ha s been clearly cstabli shed that lymph0 cy tcs 111 1.) mph node s 
and other areas can l:;ynth cs i :;,c immuno ghbulln a nd a n ttbody Ul7 , 72-7 4) . 
Attempts to demonstrate the mediator of delayed- Lyp~ hypf'rscnsi Li vi ty ha ve 
been u nsvr.cessful unLi.l r ecently . l nnnurw lymphocy te s have b een s how n 
Lo produ ce a substance which inhib1ts lh C' m 1gration of no;·ma l pcr 1toneal 
macrop hages (7 4) . A mos t signiflcant advance in our know ledge of 
s uch m e dia tors by ly mphocy te s i <; the demonstra ti on by Granger Lh at 
stimulated ly mphocyles r elease R soluble toxic factor (lym photox in) 
whi ch leads to cl es tru c Lion oJ target cells (7'J - 77) L )rmphoLox in has 
been id ent-ifi ed in both human and mouse lyrnphocy tes , can be pr oduc8d 
by non- specii'ic lymphocyLes w hich a re s tnnula Lc d by a r1Un1ber of ag en ts 
(PHA , Lry psin . e lc ) a nd by i mmun e lym pht)Cy tcs f rom Jncilvidual s given 
P PD, tclanus, BSA , or othe r agents : it has a mo l ecul a r weighl of 8 0 -
90,000 a nd acts a t Lhe membrane of the scnsJt1Ve cell l (~acling to lys i s 
of cell. Circu lating lymphocytes release the ly mphot·o xn l . but thy mus 
lymphocyte s do noL . Th e mate rial obviously JS not an iilJ.lllunoglobulin, 
but i t i s conceivab l e that it is o n e or m ore lysosoma l enzy mes . The 
role of lymphotoxin i n disease i. s , of course, noL e stabli s hed It i s 
quit e int ere s ting that s timulated lym.p hocylcs arP capable of produ c ing 
non-sp ecifi c sub s tances which woul d a ttack oLhc t· ce lJ s t han jusL bac te rial 
cells. It i s conceivable that such s ub stances woulJ ]Ji ay a ro l e in the tissue 
darn.age whi c h accompani es cer tain disease r;la tcs . ::-;u c !1 as c hr oni c: 
pyelonephri ti s lt has b een p os tulated tha t atl lo -- anlibody p lay s a ro l e in 
the p ersi stent inflamma tory rcacLion, but rc<~cnl s tu di <.:S uC'monsLrat-e that 
antibody to kidn ey ti ssu e i s no t a fea ture of t il e 1mn1.urwlogical r es ponse 
in pyelonephriti s ( 78 ) . On e cou ld hypothcsiY.e that lymp ho lox ins :;rc 
elaborated f rorn sllmu la t e d lymp ho cy tes and conLnbut e lo ti ss ue darna.ge. 

ll. i s thu s apparent tha t th e small lymp ho cy te ha s cornea long way 
since 1956 w hen it was s La te d lhal the "fact thal no s u c h funcLion (Jor 
lymphocyte) bas b een clcmon s Lralc~ d i s , in il scl.f, s igmfi<'ant " ('7 9 ) Th e 
pathological l esion t e r med JnJlammaLory. or ly mp hocyl ic .l nf illra l c con
tains cells whi c h are J) he terogeno us in clcn.va lwn . 2) ca p~-1b l c oJ sy n
the s i zing a ntibody, a nd :3) capa ble of e la b or ::Jling tox ins WJth non -sp ec ifi c 
effec ts. 

55 . T omasi, T B. : Huma n Immuno globulin fl. . New Eng . J . Mcd. 
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