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The cel-l- wal-l ul-trastructure of wel-l- characterized isolates

of Haemophílus ducleyi from a trrliruripeg outbreak of chancroid and

reference strai¡s was examined by el-ectron microscopy. Bot'h

rrúinr:ipeg and reference strains were found to have Gram-negat'ive

cel_l_ wal_Js, consistent with their Grames stai-ning propert'ìes.

Staini:lg with the cationic dyes ruthenium red and Al-cian Blue

reveafed the presence of exocel-l-ular (capsular) material- in all-

strains" Stabíl-ization of bhe s:<6ssllular material- r'¡ith antisera

and sif,bsequent staining with ruthenium red or Al-cj-an Bl-ue al-l-owed

visual-izatj-on of a continuolLs capsular layer in al-I strains "

Virulence testing, in the rabbit, intradermal modelu j-ndieated

that al-l- the lnlinnipeg isolates were virulent, whil-e the reference

strains were avirul-ent" The rabbit mode] also indicated that

viru]ent straj-ns produced a more acute infl-anrmati-on in.the associa-

ted skin l-esion than di-d the avirul-ent strains. Virufence in

sel-ected H. ducreyi strains was associated i,¡ith an j¡rcreased resis-

tance to Polymyxi-n.

Antigenic studies indicated that a compl-ex pattern of

precipitating antibodies against H" ducreyi antigens cou.l-d be

pt"odìtrced in rabbits. Among the H. ducreyi antigense heat labile,

heat stable, and protease-heat l-abile antigens uÍere identified.

Col-umn chromatography allowed partial separation of these anlígens.

The antigenic structure of al-l- H. ducreyi strains appeared ltomogeneou-s.

ËTn.rr'¡¡ei^- rlross-leaci,ins airbiEens bet'.'¡ecn I{. ù¿æË ano. othcr Hq-erno-
,v*vvvq..-_o----

ohilu-s species r¡ere er¡ident'
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INTRODUCTION

Betv,¡een JuLy I9?5 and November L977 more than 100 patients

with symptoms of the venereaf disease chancroid were seen at the

Prirnary Heafth care unit of the Heal-th sciences centre in hJiruripeg,

llanitoba, Canada (figure 1:1) " Thenty-one isol-ates ídentified

presumptively as Haemophilus ducreyi, the causative agent of

chancroid, were cuftured from these patíents" The isol-atj-on of

the lfinnipeg strains and the acqu.isition of reference strains of

H, ducreyi from lhe Pasteur Institute aLlowed Hammond and co-workers

(fçZg arboc) to investigate isol-ation techniques, nutritional

requirements and anti¡n-lcrobial susceptibility"

H" ducreyi was described in the l-ate l-Booes and early 1900ss

(Ducrey, 1889; Unna, L892¡ Davis L9O3, etc"). Studies continued

sporadically and even now many of the features of H. ducreyi are

inadequately defined" Disagreement on the staining and u-ltra-

structural- characteristics of the organism has led to confusion

,.,j*l¡ ¡aoo¡¡t in the Gram reaction of the cel-l- I,üaLL" AlthoughwIU¡¿ r çód¿ u ev f

j-rritially described as a Gram-negative organism (Davis u L9O3) e

some investigators (Nicolau and Bancrou, r926i Deacon et al' L95l+)

have reported that the bacillus became Gram-positive on subcul-ture.

Recent electron ralcroscopic studies (Cazavre and Barreto, I97l+,

Ovchinnjkov et al.u 1976; and Marsch et al, L97S) conJirrned the

presence of a Gram-negative cell wall, but fail-ed to describe the

nutritional- or biochenrical characteristics of the strains examined'
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0n1y Kilian and Theitade (L975) have described the ultra-

structure of H" ducreyi strains which were accurately cl-assified

]r¡¡ nrr*e.ì*inno"t .nd. biochemical tests. The accunufation of welluJ rluur r u¿vrrc.+ q

characterized straj¡rs of H" ducleyi from bJi¡nipeg and reference

cul-ture collectj-ons pro\rided an opporturity to confirm the Gram-

negative character of recent isol-ates of F' @æ9"

The virul-ence of U, @gy.l as measured by the skj:r res-

ponse j:t man and animal-s to an intradermal i-njection of viabl-e

organisms, has been i¡rvestigated in a series of studies (Green-

blatt et a], I9t+3 ascb; Fej¡er and Ì'Iortatat I)l¡J3 Kaplan et aI,

1956as Thayer et al, 19553 Singer and Deacon 1956; and Hammoncl et

al I978c). (notn viruJ-ent and aviru-l-ent strains of H. tìu.crevå.

exist.) Hammond et al (1978c) recently reported that aL-l- of the

i;rliruripeg i-solates were virufent whereas the Paris reference strai¡ts

were avirulent. This permi-tted a stu"dy of the rel-ati-on of viru-

lence of the \"iinnipeg isolates to variations j¡r ul-trastructure and

immunochemistry" Virul-ence in other bacteria, including H.

j-nfluenøae, has been associated l,iith capsular layers at the cel-l

surface (leiOy et al, a96$ and Onderdonk et aL, I97?)" In addi--

tion to this, some reports suggested that virulence j-n H. qÆE

r^Ias associated with differerrces in antjmicrobial- susceptibility

(Thayer et, a], I955j Singer and Deacon, L956; and Ham:nond et al,

1978c).

It v,¡as postulated that the isol-ation of l)ili:rruipeg strains

presented an almost, unique possibil-ity to e:':¡plore the relationshj-ps



between virulence, ultrastructure and. antin-icrobial susceptibility"

Although serological studies on H. ducrerÈ have been

reporbed, ¡nost r.¡ere carried out before I95O" The ideniity of the

organisms used in these studies is r¡ncertain as exemplified by

Re¡,'mannes t95O report (Ph.D" thesis, Coperùragen, 1950)" Kilian

(f976) has shov,rn that the Re¡rmarur organisms did not possess the

currentþ recognized ul-trastructural, nu-tritional or biochemical

characteri-stics for l!ætsgphifus. species, None the less, aJ*L

studj-es to d.ate, using a variety of j¡mwrological techniques, have

suggested that H. ducreyi strai¡s are antigenicalJ-y homogeneous'

Deny et at (tçZT) have al-so suggested that antibodies directed

agai:rst H. ducreyi, cross-T"eact v¡ith other Haemophiluq species"

Based on the foregoilg, it was decided to study three

aspects of weLJ- characterized H.. ducreyi strai-ns" These welte:

To i-nvestigate the cel-l 
"¡al-l- 

u-ltrastructure of H, ducreyi"

To study the vjrulence properties of l'rlinnipeg and reference

strains, and relate this to their u.ltrastructure and anti-

mi-crobial sensitiirities "

To deter¡úne the antigeníc profile of H. aucrçp and its

relationship to other Haet¡ophi-l-us speci-es.

1"

/"
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Literature Reviev¡

1;1 Cl-inical Aspects oI Chancroid.

Hêemophiåus fuggg is the causative agent of the sexually

transnitted d.isease chancroid. This disease, also calJ-ed soft

chancre, ufcus molle, chancre mou or Ducreyes infection, is

described. as an acute autoirrocul-able j-nfec-,,ious disease u-sual-J-y

affecting the genital region and nanifested by painful u.lceration

(Alergant.- L972). The incubation period of the disease, the tjme

from sexual- contact to development of clj-nical symptoms, is sugges-

teci to be between one and. l-4 days (Asi:r, l952). Others report

incubation periods of one to five days (Atergant, L972), tr',io to

five days (Ca:-sin and Heaton, 1975) and three to l-2 days (Greenwald,

rgl!3) "

The first clj¡rical- sym.ptom is the development of a smal_l

vesicl-e or papule ¡+ith a narrow zone of erybhema (Cais¡¡r and Heaton,

f975) r,¡hich rapidl-y becomes a pustule (A1ergant e A972i Gaisj¡ and

Heaton, L975), The pustute breaks dor.m to forrn an ufcer or lesion

which is characterized as pai¡fu.J- and shall-oty with a sharply

circumscribed. saucer shape" Tne edges of the u-l-cer are frequently

ragged in appearance with an u¡derm:irred or shelved character' The

base of the ulcer is frecluently covered by a necrot'ic, dirty looking,

grayish exudate, and once removed reveals a floor consisti-ng of an
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l¡neven J-ayer of vascular granulation" Ulcers range j¡r size from

3 lo ?-O mn. i:r dia¡aeter and are usual-ly muJtiple -- a char"acteris-

tic apparentl¡r dependent on the autoinocul-ability of the disease

(Greenv,ral-d, I9t+3) " Certain cl-i:rica]- vari-eties of chancroid have

been d.escríbed based upon the variat'i on jn size and destructive-

ness of r-he lesi-on (Alergaú, L97z and Gaisin and Heator', L975)"

Lesions are usually found on the genitalia j¡r both men and

l¡omen; exLragenital- lesions are rare. In the ma1e, the lesions

are usual-ly forurd on the prepuce, coronal sulcus, fraenum, and '1 ess

often on the shaft of the penis or near the anus" Female lesions

usual-ly occur on the labia, forchette t¡es'uibuJ-e and cli-toris

(Alergant, 1972) "

Along vrith genital lesions another conmon manifestatíon of

chancroid is regional lynrphadenopathy in the groin (UuUo formation)"

Buboes have been reported to accompany chancroidal- lesions in the

range from jj to 561/" (Greenr,.rald e l9lr3t Satulsþ, I9A.3t Alergant,

l97Z) and are most often seen one to two r¡reeks after the a.ppearance

of the ulcer. Buboes are usualJy unilateral although some authors

have noted bil-ateral- involvement (Satr¿st<y, L9h3; and Alergart', I97Z).

Chancroid is bel-ieved to have a world wide distríbution,

although it is more conmon j-n tropical and subtropicaf areas.

/Ilergant (WfZ) has also suggested that there exists a cfose

assocj-ation betr.¡een chancroid and personal hygiene" TLre jricidence

of chaneroj-cl has risen sharply duri:rg i"¡ar tj-me. Asjn?s (tgSZ)

report on Ämerican servicemen jrt the I(orean ldar indicates that
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chancroid r,ras 1J¡ to 2l iimes as common as syphilis and. tr'¡o ti-mes as

corflnon as gonorrhoea" Kerber et aI (f969), in a report on chancroid

i¡ ¡1'nerican servj-cemen j¡ Vietnam, states that the appearance of

chancroid was second onJ-y to gonorrhoea among the díagnosed

venereal diseases,

OLhe:' venereal- infections often accompany the appearance of

chancroid. Various authors (Greenwald, A9l+3; Strakosch et al, I9L5t

and Asin, L952) have reported the presence of chancroid i¡,¡ith

simu].taneous i¡rfections of syphilis, gonorrhoea, granuloma inguinal

and llanphogranuloma venereum (fCV),

The j¡itroduction of sulpha drugs i¡ the mid 193oes provided

the first effectj-ve treatment of chancroid. Hanschel]. (1934) was

first to use suJ-fanil-anide to successfully treat chancroid. In

l-943 sul-fanilanride v,ras replaced r¡j-'oh sul-fathiazol-e and Strakosch

et al (L9f+5) reported tinaL 90% of patients treated with suj-fathi-

azole r"rere cuïed l^rithin 10 days " Recently lGrber et al (f969)

fowrd clinical fail-ure rates of 70% v¡ith tetracyclirres and ll-% v¡ith

sulfonamides in chancroid patienis in Vietnam, Hol^lever, a combina-

tíon of both tetracycl¡re and sul-fonamides proved effective"

Iz2 CausatiJg.AFeqÞ of. Chagcroid

Ducreyi (1SS9) is credited r^¡ith discoveri¡lg the causative

agent of chancroid. By successive inoculation of patients with pus

from chancroiclal ul-cers and by a series of re-i¡rocul-ations r"rith the
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pus from the i¡rduced ulcer, Ducrey was able to shoi'¡ that a bacterium

of L.f+8y in tength ancl 0"50y' i.¡ide v¡ith rounded ends r'¡as respon-

sible for the production of ihe chancroidal ulcer, Keftj:€, fu

L892e confirmed this fi¡rdi¡g of a short baci]_lus i:r the pus from

the bubo associ-ated i.,¡ith chancroi-d, Un-na (1892) in tissue sections

froro chancroidal lesions, also described a simil-ar baciJ.lus occur-

ri:rg i-n J-ong chains, r.,rhi-ch he found consistently i-rr the l-esicns.

Other investigators (Peterson u 1893; itlicolJ-e, I893t and Chej:ressee

189À.) also confirmed the identity of the organism from chancroid

I esions. As stated by Davi-s in L9ú t ít v¡as general-ly accepted.

at'r,he time that the bacil-Ius in question rras abotrt L"5/ i-n length

and. 0.51or wi.:de r.¡ith rounded and deep staining ends and a fainter

stai:ri:rg central- portion. This bacillus occurred consistently in

the pus of chancroidal ulcerations and J-ess frequently i:: the pus

of chancroidal bu'Ìroes " The bacterium r.¡as found both singly and irt

masses intercel-l-uJ-arþ as r'¡ell- as j¡traceJJ-ularþ" T'his bacill-us

ruas also noted to have a characteristic chai.:n-ing pattern, staj:red

easily ',.¡ith basic airiljne dyes, r'ras decolorized by a]-cohol and

iherefore appeared Gram-rregatÍve,

Early investigators f ound that ord.irrary medi a ltould not

perrnit the grol,rbh of the Ducreyîs bacill-us. Ienglet (tS98),

Besancan et a'l (fçor), Himmel (fgof) and Davis (f-903) r,¡ere some of

the fi-rst investigators to grc,..+ the organism" Tney found. that agar

media with either hr:nan or ani-mal blood, serae or puJ-verized ski-n

'r,.¡ou.l-C support the grol'rbh of the bacteria aL 32-37oC" Liçoff
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and Pirosiry in l-93? demonsirated a requ-Lrement fo¡ heni-n (X factor),

a heat stable component of blood" Although other fu1vs5Nìg¿tors

(Sanderson et al, I9Å,Ot ancì Beesonu I9Lr6) coul-d. not shor.¡ l{ or V

factor (ni cotinam-ide-aden-j:re dinucleotide) (til¿O) requì-:rement,

llammond et al (fçZgn) reaffirned the reo.u-irement for X factor r+ith

recently isol-ated straj:rs of H. ducreyi"

Grov¡th on solíd media produ.ced colonies 1-2 nm ihat appeared

as bright globules a+' Ð,, hou.::s r,rhich became opaque and grayish at

48 how's, :\fter' 72 hours gror'rbh or longer¡ â sflâl I zone of

haemolysis could appear at the periphery of a colony (Beeson and

He¡nnan, L9t+5). lfany authors noted that the co]-onies rernaj-ned

j:rtact r,then pu-shed. across the agar su.-TfAce, a feature described as

characteristic of the Ducrey bacil-Lus" The earl¡r discovery of the

requiremeni for a bl-ood fraction (factor X), the colonial and the

light microscopic mor"phologT prompted. investigators to classify

the Ducrey bacillus i:r Haçmopkr&E ruith the species as H. d'ucrei¡*L"

7z 3 Ul:t-rast{-qct,ure

Early investigators found that the baciLLus they isolated.

from chancroid. lesions varied i:r its Gram reaction. Ilicolau and

Bancrou (3ç26) noticed that on jrritiai isolation their straj¡s

gave a negativc Gram ::eaction; hor'rever, after subcu.l-ture ihe

si;raj:rs appearecl Gram-positive. Assi-s (tgZ6) poirited out ihat

i;he Gram reaction lras clepend.ent on the method used for fi:cation
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pri or to stainirg, Organisrns that v¡ere afflxed to the slid.e r,tith

alcohol s'i;ai:red. Gram-posi-ti ve and those fixed by heat stai¡red Gram-

negative, Re¡nnann (Ph"D. thesis, Copenhagen, 1951) in a compre-

hensj-ve study of H, dqcrçllp d.escribed his strai-ns as Gram-negative.

Horueve:', the authenticity of these isolai:es is j:r d.oubt (I'cilian,

L976) " Deacon et aI (L951þ) r"eportecl the isol-aiion of a Gram-

posì'r,ive, snooth phase of an organism classjJj-ed as H, dgæÉ,

although subsequ-ently these authors (Deacon et al-, A956) realized,

they had been r,¡orlci:rg i;rith Col;'nrebgqteriu4 acnes and not H' ducre]'i.

The confl-ictirrg results of lilicol-au and Bancrou (tgZ6)e affì. those

of Deacon et al- (tgSl+) m.ight; be erçlai-ned by the isolation of

organisrns other than IJ" du_crgyi from chancroid lesions.

The polym-icrobial flora of genital uf-cers (Ctrapel et al, L978) ,

the J.ack of speciJicity of the cli:rj-cal- diagnoses of chancroid.

(Chapel- et aI, L977), the fastidious nutritiona'l requirements and

the absence of unique biochenical characteristics of H" d.ucreyi

are features nhich coul-d contribute to such a nlsclassification.

Itil-ian and Theilade (1975) l.rere among the fj¡st to norlc i"¡ith

r'¡el-l- characterized straj¡s of $." ducr-gyi" In an e]ect'ron microscopic

stud.y they shor.¡ed. that three of Reln-narrn?s s'brains haC cell r^Ialls

characieristic of Gram-positive bacteria" The biochenúcal and

nutritionaf characteristj-cs of the Re¡manrr strains r'¡ere also

inconsistent with those of the genus Haegophllus, In contrast,

the Paris strain (Cæ Sh.Z) l¡as found to possess a cel-l- ',"¡all-

consi-sti:rg of an outer membrane and. a poorly defi:red. medii;¡t



electron d.ense layer situated bet'.n¡een the outer and cybol:l-asnric

nembranes, Kil-ian and Theilade felt that 'r,he Paris straj¡r possessed

a typical Gram-negative cel-l- l'¡a1J-' Thìs straj:r ltas al-so shor,¡n to

requi-re f factor and have the biocheraical- characteristics consistent

r.¡ith llgçmophåIus. s'pecies .

Obher e'ìectron rcicroscopic s'i;udies on organisms described

as gr- 9uçreyi (Cazane and Barret'Lo, L97lv; Ouchiruril';ov et aLt L976;

and I,,arsch et aI, 1978) a]-so report the presence of a typical

Gram-negatì ve cell- r,,ralJ-; the generic status of the straj¡s exanined

r.¡as not confirmed by othe:: tests. ns exenrplified by ifürsch et ales

(f97t) .r.'epo::i, Ii". cbcge¡¡Å r'¡as descrj-Jred as a rod I"Z5^L"I+O/Á long aird

O"55-O"6Orw1:road i'¡j-th rounded ends ancl a cel-l 'r¡al.l 1l-5 t'a L25 A-o

thick, To date, no other ntorphological features oÍ H.. d.ucreyi

have been reported,

l-:À' Clinica] ._Þj_u$æe.

lrTicol-l-e (fgç:) r.¡as the first investigatoz" to produce a

lesion sj¡nilar to that foirnd j¡ chancroidal j:rfections irr e;-'peri-

menta'l ani¡ul-s " The fesi on r,ias produced. j-n a single rhesus monkey

by inocuJ-ating intrad.ermally i"rith the pus from a chancroid lesion"

Hor'revei', IümnreJ- (1901) z'eported that jn the guinea pig

i-nì;raperitoneal, subcutaneous or j:rtradural injeciions r¡ith H.

gy.cfSn cul-tures produced no response. Himmel- reported that 48

hours after injection he coul-d recover viable H.- dus:reyi from the
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peritoneun of a gui:rea pig although no fesion'"ras a;oparent.

Stressing 'r,he anj-r¡al by placing it, i-n a t,-5o0 environmeni extended

the su¡vival of &- Qgfpg i-n the peritoneum f or five days.

F\.rrther attempts to stress the guinea pig by i-iejeci,ilg r'dth

lac'r,ic acid or antialexj:r prior to the jnoculation r,¿i'r,i'r H. ducreg!

resulted in their death. Hj:nmel postulated that decreasirtg

cel-l-u1ar responses of gu-i-nea pigs to $." AWf-çn resufted j¡r

increased pathogenicity of H, dwågfi organisms"

Iater' i-nvestigators (Ðavis, L9A3; and Saelhot, L92lv)

confirmed the observation of l,licol-1e (fgg3) that snal-l- pustules

o:r uJ-cers couJ.d. be p::oduced by i:rocuJ-ating the ski n of monkeys

irith cuftu.res of ,1 ÈWgçp. In l-911 Fontana I'Ías able to produce

]ceratitis in rabbits using the pus from chancroidal ufce¡'s and

Reenstierna (f9zf) a]-so repoz-bed the production of l-esions in

four out of ien rabbits by puncttg'ing theìr scrotun r^;ith a lmife

d.ipped in a culture of H, dgc-re;r¡j.

Saelhof (lgZ+) fail-ed to i-nfect rabbits by subcutaneous

injections oÍ H. ducLej¿i or by injecti:rg the organisn directJ-y

i:rto J-ymph glands. Horvever, SaelJrof prod.uced l-esions in monkeys

fol-1-oiri:rg intraderrnal injections of 1L, g-q-cg-uË"

I.Í,aximol¡a (!936) r'¡as -r,he fjrst i:rvestigator to use intra-

o.ermal i:rjections of Hr. gg-cgqy¿ Ì;o produce J-csions j-n rabbits"

He found tha'u 48-72 hours post i:locul-ation a necro-bi-c pusiuJ-e

cleveloped r,rith j-nch.r'a'r,i on tj¡l-ited to the area around the injection

site ' He also noted that rabbits previousJ-¡r i-nf ectec'l by this



2-1,.

method lrere not i¡rmurre to rei-n-fec'cion., Reinfectíons often resui-ted

in larger and more necrotic l-esions.

iurother anjmal mocl.e]- l¡hich r'¡as sho','ltt to be su-ccessful in

dernonstratr-ng a .r:eaciion to H_.. çlugIçg¡= r^¡ere the exLra embryonì-c

membranes of chicks. Ancìerson anq Sno'.+ (1940) prod.uced trfirst

generationt? l-esions in the chorioal-lantoic and amnionic membranes

of chick emb::yos but r'¡ere unable to transfer the irtfection for

more than two passages,

Duri-zrg a series of e:peri:nents on the prophyla::i s of

chancroid clisease, Greenb-ìa'i:-r, et a]- (1943a) produced typical 'local

chancroidal- siii¡r lesions irr hu¡ran vol-unteers by scarifyi:rg t'he

sian and appl-yi:rg one or trio drops of an jlocu1.um of Il-" dggf"

Cn"r-ly cultures of recently isol-ated st:'arns produced skjn lesions.

Stocic cul-tures kept by repeated transfer for three years l^rere

incapable of 'proCucing lesions, although one of these cuftu:'es

had previously producecl. lesions i-n vofrurteers. These ltoriters also

noted that a heavy inoculation of H. du.c-r-ee t'ras requ-ired to

Þrod.uce lesi ons " Af i;hough actual iru¡rbers of bacteria. r'¡ere not

given, Greenblatt et al (tgt$a) noted that an inoculation dil-ution

g:'eater than l:50 substantialJy decreased the irumber of successful-

lesi-ons. Intravenous, intraperitoneal and jrrtratesticul-ar inocula-

tions of L- ÊgcæË cuftures irrto rnice, i'abbi'r,s, rats, hamsters

ancl clogs failed. to prod.trce a reaction" In add.i-t,ion, i:toculation

of organisms su-spend.eC. i:t nru-c j:r fail-ed to prod.uce any lesions "

1'ra;ti¡roi'¡aes e:,ll¡eri:::.ents '¡ith rabbíts and Greenblatt et ales
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fiorlí rrith hume.n vol-unteers iias confrined i-ir f9lr5 by Feiter and

i'rortara, The¡' also fowrd. that injections of la::ge doses of

viable H- d-g.c¡;çfi sul:cu-tane ous J-¡', intraneritoneally or intraven-

ousþ l¡ere r,¡ithout effeci: j:r the rabbits" Sin:il-arJ-y, i:rtracereb-

ral and. intraperüoneal- i-njecti-ons of ni-ce r'dth H, @s_eæ

cultures suspend.ed i-n muci¡ r,¡ere also ineffective, Hor.,rever,

Fej:rer and iio:etara (l-91,,5) i.rere successfuJ- i-n produci:rg lesions

in the rabbit by intrader"mal injections of v'ìabfu F{* duqåçg,

Viable H," fuHi_ cotrl-d be recove:"ed. from these lesions up to f2

hours after the j:rocul-ation, In common r.riih previ-ous author.s,

Feiner and I'lortara reported. that large nunbez's of organi sms l.rere

needed to i:ritiate lesions and that a 1:l-00 dil-ution of tireir
jnocul-um selcj.om produced. a llesponse.

Exa¡ri-nation of the imnturity produced in rabbits after

irrjection confi.:rmed the observations of l.faximor.¡a (f%6), ßei:rfec-

tion i'ras possible and more exbensive J-esions r+ere produced,

Exbending 't hese observations Fej¡er and. l'[ortara demonst::ated. s]cin

h¿:ersensitivity i¡r jnfected animal-s usi:rg a su-spension of heat

1¡ì'l r aÄ H rrrra-aavj , H¡rpe::sensiti,v-ity to heat ki_l_Ied organisms
=a Y-}!-Y=IJ:

ri.evel-o-ped seven to lJi- days after the i:ritial response and lasted

for at least three months, Control- rurinfected rabbits did not

responcl to jntradernul i:rjections of heat kilLed. organisns 
"

Fei:rer anci l'lorbara (1-9tr5) also reportecì tha*r, their sluock strai:rs

of fu du.g{gÉ, l-i-ke those of G::eenbla'i;ì, et al (tgl+3a) :ri tne

hunan, failed. to p:'od.uce J.esions i+hen injected j-ntrad.e::ma1Jy in

rabbits "
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j¡rortara and. Saito (L9l+7) ::epori;ecl that they r'¡e::e able to

pz'otect against the cìevelopment of the FL dllcg-eyi lesion j:r

rabbits by giving an irrtramuscuJ-as' injection of streptorqrcin

h¡rd::ochloricle i,¡ithi:rr 2h hours of the j-ntradennal i-njections "

Deacon and co-r.¡orkers (Deacon et al, 1956; I{ap}an et al,

I956a, f956b) confjrnecl p::evious repoz"ts i'¡ith regard to the produc-

i;ion oí l-esions i-r: r'abbits b]¡ i:ttrad.ermal i:rjections but they i"rere

initially unabl-e to prod.u.ce lesions j¡r these anj-nals by slci:r scari-

ficatior:. Scarification of mal.e or fenal-e rabbit genitalia also

producecl no I esions and erçerimenis usi:tg f enal-e rabl¡its itith the

vagina contar¿inated ltith It* d.ucrey-i shot';ed that the j¡-fecÌ:j-on r,'¡as

not iransferied tc males durj-ng copulation. On-ly in previously

sensi-r,ized rabbj-ts couli lesions be provoked by an j¡roculation on

broken slcin. Deacon ancl. co-rtorjters (Z'apJ.an e'u al, l-956b) al-so

reported i;hat r:abbits in ivhich diabetes mel-l-itus r,¡as j:rduced. i'¡ith

alloxan, i^lere no d.ifferent in their reaction to live I-1, Êucfçru

cultures than conùrol anjmals, These irrvestigators al-so found. no

d.ifference i-n l-esions prod.uced j.n the rabbites abdornen or back"

Hor+ever, Iiaplan et al- GçSíA) did shor'¡ that the vj-rul-ence of L-

.*fcggyå straj:rs coulcì be j:rc::eased. by passage through fresh blood

cl-ots" This i¡icrease in viru-l-ence resulteC in lesions of greater

size and. intensity after jnocuJ-ation of the passaged. st::ai:rs onto

sca¡'ifications on the baclcs of pr"evioqsþ sensitized rabbits"

A: i-nrpo::tant obser-r¡ation j-n the early literature was ì;he

variation j:r the ability of H* dg-ggp to procluce l-esions in the
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human or rabbit mod.e]-. Ii, r.¡as al-so found. that the avirul-ent

strai¡s usual_ly developed as a resul-t of mul-tipie subcul-tu-r'ilg"

Other stud.ies noted that viru-l-ent and avirul-ent strains of H._

-ùu*¿çE could be distj:rgu-ished by other character'ìsiics, Thayer

et al (L955) suggesi,ed that there rnight be some relationshíp

bet'"reen the i4 vitg-o antibioti c sensitivíty of H" d.u_cre}¡i strains

and their ability to produce lesions i-rr rabbits. These authors

fou¡rd that a vi:ul-ent strai-n of g. duc{eyi- r.Ìas more resistant

to pol¡m¡n<in than avirul-ent strai:rs" S:rger and. Deacon (fç¡6)

al-so noted that thej-r avirul-ent strai-ns of H,- Q1¿gf9Ë ci.j-ffered

frorn virul-ent s-urairts in their sensitivit¡¡ to Þenicillin G and

other antibioiics,

Haminond et al- (fç7Sc) coffi:ared the antibiotic sensitivitj-es

of stock cultures and. recent isol¿fgs of H. dqcrg¿!" Tkrey

:'epor*bed that four avirul-ent stocl< cultures Ì.rere more sensitive to

a t;otal of L3 antirnicrobial agen-r,s than 19 vir.ul-ent [* ducreyi

isol-ates " û:e of the most st-r"il<ing differences r.ras the high

l-eveJ- of resistance 'r,o polyaiy:<i:t shor.m by the virulent straj:ts

as corûpared to that shor.nr by the avirulent strajns.

'ì' Ã rIi o* a-ì ^-' ^Lll¿ni-qaf and L-"'pst@4.gl_chctcr_a¿d-I€_¿iqepLo/

Reenstierna (l-çZJ-) rcported that i;he hÍstoJ-ogical

of chancroid lesions i¡ rabbits l¡as simi]-ar to that seen

Chancroidal- lesions in rnan have been sÈudíed eticensiveb¡

-n-i ¡*rr-¡a

irr man,

and Pund
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/r aaa\ei al (1938) classified the histo'lory and shoi¡ed that the lesions

coul-cl be differentiated. histologicaify from othel. genital- ul-cers,

The chanc::oidal lesion r,.tras described. (Pund et aI, 193S) as beÍng

charact,erízed by superfi-cial- necrosis infiltrated r^rü;h poJ¡¡norpho-

nuclear leukocybes (et'ntrs). In the area sur:'ouncling the lesion

pl-asrna celJ-s, }¡nnphocybes ancL endothefiaJ- leulcoc¡rbes 'irere seen.

It r"¡as proposed that the necrosi-s seen i¡r the lesion ltras due to

an acute perivasculitis and endovasculitis produci:rg svreJJ-i:rg of

the enclotheli-urn, r.¡hich frequently resulted in occl-usion of the

lu¡ren of ihe associaied capi-J-Laries, Pund et al (1938) felt that

the vascul-ar changes seen were characteristi-c of chancroid lesions.

Sheldon and He¡rman (l-.gt6) repor-ted on the biopsies oî L.5

lesions d.iagnosed. as chancroid., They describe 'r,he gener"al picture

of 'lesions of about ti,¡o to three v¡eel<?s duration irhieh rarely

e>rbended to more than tr.,¡o or three ndll-i¡neters i¡t d.epth. Und.er

1or,¡ magnif i cation¡ the histological sections cou]-d be cìi-vided into

three zones" The surface of the sections or surface

senbed the base of the ul-cer. Thís zone r,ras composed

*iccrra rarl hìnnrl ^^-tI- fih-¡-i- and. lafge nff¡tbefS Ofvv.J¿u,

Pi,['..Lts, Be]-ow the base of the u]-cer a n:-id-zone coul-d

r¡hích r¡as formed from oed.emaious tissue with numerous

r¡hich r+ere prominent and dil-ated " Tne vessel r^¡alls in

zonee repre-

of necrotic

neutrophilic

be deiected

bl-ood vessels

this zone

i'¡ere thi:r and ner'rl¡r f ormed, Ilndothelial ¿sl I s in various stages

of p.rolifcration i¡ere the dordnant cell- type i:r this region" Ai

the union of the rnidzone and surface layer these end.othel-iaf cell-s



l^r-ere i'r.ecrotized r.¡hereas i:t other areas ihey developed into capil-

l-aries" Pre-e:ti-sti:rg and nei.rly formed vesse-ls often shor^¡ed- fibri¡oid

cì.egeneration of the r..'al-l-s , .;riih margination and i:rfiftrati on by

Pl"Nrs, Little proliferation of fibroblasts could be detected in

the mid-zone"

Belol.i ihe m:id-zone a thir¡ 'l ¡r¡ap f+.ho .loo6 zone) d.ispJ-ayed

a d.iffuse infiltration by nunerous Þlasma cells together r.,'ith some

1¡ætphocytes. itlo degeneration of the vessel nalJs, leukocybis

infil-tration or thrornbus ryas present,

Shel-don ancl. Heyxan (fç¿ó) fet'r, that the histological character

of the chanc::oid. infecti on as vÍer'¡ed i:r their stud.y r"¡as sufficiently

disti:rci to permit diagnosis and to differentiate this condit'ì on

f:"om other genital lesions.

Su¡rmarizing the fi-ndJ-ngs above, the h'istological features of

the chancroid lesion are:

(1) the zonal- character of the inflanrmatory reaction;

(Z) the marked endothelial proliferation i:r the rrrid-zone

i.¡hj-ch l-eads to vascuJ-ar changes;

ß) the meager fj-brobl-astic response j-r'l the nid.-zone;

/, \th) the dense i¡fil-tration i,¡ith plasma cells and J-¡nnpho-

cytes in the deep zone.

3-26 HoÀos&e$ls$iså

Reports of 'r,he serological exa¡nination of I| d-ucfeyi_ began

',rith Gall-iars (1907) studies of hunan chancroid. He concl-uded
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from ccmplement fixation usilg a r'¡hole celJ- antigen that specífi-c

antibody production occurred i:r respcnse to injection" In I9ZZ

Teague and Di ebert i;z'ied. to indu.ce an antibody response j¡ rabbits

to H." ÈWrqru" They found that rabbits i:rjected with varyÍng doses

of lI- rìrrnrer¡i qìr^*^*^i^*^ ^*r i-.ocUlated ai; d.i-fferent tj.ne interVal-svr j!. j|!!ej_YJ:å ÐqÐpvrrÐrvrlÐ d,lru !r

producecì. sera that e:.J:ibited variation in aci;ivity',+hen tes'i;ed by

agglutination of suspensions of I{". du-crg)È, Teague and Diebert

al-so fourrd that some normåI r'abbit sera produced agglu-ti¡ration"

However, from their results these au-thors díd feel- ttthere hras no

serological difference betr.¡een the l-0 or" l-5 straj:rs of li" dugreyi

u.sedr?" J\¡.rther attempts by these authors tc immrnize chickens

p:'oduced- sera that gave simil-ar resu]-ts to those obtairred. f::om the

rabbits.

Saelhof (L92-L,) also attempted to serogroup straj¡s of E -

ducr_eJ¡j usi:rg rabbit airtisera and obtaj¡red ::esults essentialJ-y in

accord l,¡ith those of Teague anol Dieberi; (L92ù, Both of these

:'eports menti-oned that aggl-uti¡ration tests r.rere jriconsistent r.¡ith

normal sera often producing agglutination. These authors both

noted the difficulty :n obtaj-iring a homogenous suspensi-on of il.

ducren jl sal-jne suspensions due to the spontaneous clurrpi:rg of

the organism. Sael-hof also d.etermined the opsonic j:rdex and poínt

of opsonic exti:rctíon in serum from chancroid patients. The poi:it

of opsonic extjrrction of the sera fz'om chancroid patients varied

from 1:/¡8 to l-:38Å- r,¡ith an average oi lzg6. il-ornul sera had an

averate poi:rÌ; of exbinction of 1:1ó, Ido defj-nite serogroüping of
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H. du-gîe¡ËL i,¡as obtai:ted by this method.

Greenblatt and Sanderson (fç:A¡) studied the response of

chancroid patients to an i¡tradermal i:rjectìon of a heat icilled

preparation of r,'rhoJ.e eel-l H" ducreTi (ttre lto-neensteri-na test) "

0:: the basis of the reactions obtai:red_ i:r these patients using a

variety of E"- dl+qreË strajns these authors concfudecl that the

various sirai¡s used had. a hom.ogeneous anti-genic structure "

Dienst (194S) testecl patients and. sensitized z.abbits by

injecti¡lg heat k'iil-ed. virulent and avirul-ent strains j¡rtradermal_l_¡¡,

lle shor.¡ed that' ihe reactions i:r rabbi-ts and aan were identical,

This r.¡as confirned bJ' Kaplan et ai (WS1A) 
"

Re)¡nann (1950a) al-so found that t-¡¡o chancroicì patients

reacted identically to four strajns of 9". d.uc_reli r,rhen iested by

the i:rtradermal skin test" In an e,xanri-nation of a si-ngle H. ciucre.-¡i

strain usi:rg an aggl-u-ti¡ration test he confirmed the autoagglutina-

't,ion of &_ A.upr:çy*" In ad.d.i-,,ion, Reymarrn exam-ined. several H.

fuqgg# s'r,rai¡s by complement fixati on and precipitant reactions.

Cornplement fixation tests suggested. that there i¡,ras only one sero-

logical- type" iI si¡l-lla:: result ruas obtai¡ed from direct precipi-

tation tesis lvhich j:rdi-cated. that t;here rras conrpl ef,s serological

identi-ty betr.¡een the H.. $pc¿e;fl strains"

The rvork of Den¡'s e't a.l- (f977) is -r,he rnost recent report of

the se::ological homogeneíi:y of i{* ducreJi, These autho::s u-seci an

jndirect fl-uorescent antibody "cest to examine strains from varying

geog.r:aphical locations, ltr'll- sì;rai:rs gave sj¡nlar reactions r.¡ith a
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Tabbit antiserull aga jrrst a singì s str"ain of .&_ Ouc*ryy¿"

Th-js::eviei¿ of H" duc::eyi has noied the cr:rrent state of

lcnoi.¡ledge of ìsolation, anti:tt-i-c::obial suscei:tibi]-ity, vjruJence,

u.l-trastructure anC serolory of this i.:nio¡re organism" Hor.¡el-er irL

some insiancese the ]iterature j-s confusìng and much of this

confusi on can be ::elated to the doubtful identity of the isolates

u-sed. The more recent stu-d,'r'esr those of Kil-ian (L976)e and Harmrond

/-^--\ 
' 

\ /-^¡n\et aI lL97B arbrc) ancl Denys et al- Q977) did use r'¡ell cha:'acte¡'ized

iso'lates" However conJirmai;ion of some characteristics, i:articu]-arly

ultrastructure, virulence and serol-ory ajle needed" The resuJts of

studies of v-irulence and. serology coul-d have a di¡ect reJ-ationship

to cii-:r^rì caf i-irvesii-gation as sli-n tests and the cìi¡ect measurement

of antibocLy leve'l s could aid i:r diagnosis. tn ¿dilf i oir, -r,he

procìuction of fiuorescei:r-1a'tcel-l-ed antrl¡oclies (specifJ-c for I{.

gggrg) could enable the identif-ication of the pathogen i:r smears

from-lesions. Denys et al (tgll) have suggested that this technique

j-s possible,

Further stu.dies oí the ll-r- d¡r.cJe:ri anti-gens are essential- to

refi¡e methods for seroJ.ogical- p::ocecìures 
"
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çhapler_"

I'hterials and liethods

2: 1 gfl€jJ:__qI_*ÞeçtegaAr- Þ_b::ains

H_æ¡gofhih species and stra'ìns I'rere acquired from various

sources as j:rdicaied j¡r Table 2:l, Âü iJiruripeg strains -i,"¡ere iso-

lated from patients at the Pri¡ary Health Centre of the Heal-th

,Sciences Ceni;re (HSC) i:r liiimipeg, I.lanitoba, Canada" Esc&grc!¡C
*i-

-co_l-! [0, a.n trr'- pilated st::aj-i: l"¡as obtaj-ned. from J, Brunton of the

Unive::sii;y of iLani'Loba. Sepj.,¿"þcg_c.qç g.gre.g€. ]\TCC ?-1,93 and ]j._ coLL

ÈTCC 2-5992 type strains r..¡ere ob'r,ai:red. from the Amerj-can þ;oe Culture
/ À ñ^^\CoLl-eci;i on (ÀTCC), iìoclcvil1e, I'iar¡r1¿nd, U"S"A"

TabLe 2:*l-

0:: iF j{r of Ha-erng pll_ilr&t Þp ç.p-i_e s- ._a nd_ SE a :+s-

Ori+j:r_An9 /0f Sog4g-9.li*egppþiþs _Spçciæ,

H dr r n-¡a¡¡ìf{o qqv¿v.ï4

H rìrr-i.a¡¡irró r(qv: v¡Y Á

TJ rìrrapor¡i¡¡ô v. ujJr_v.y 
-

-l-T rìr r arar¡'i¡¡s eqv¿v.y4

-l-{ drr n-¡or¡i¿¿ o v.4vr v¡l !

Tf rlr r n-nar¡ì¡r¿ L:qvrv.y¿

Ll ¡rlr r n¡a¡rì¡ ¡ o L,. ltv: v.y 4

Tl ri:rnpar¡i¿À o ev.v¿ v¡l;

Strai:r ltlo.

35aoo

?Ã1 OO

78118

\1,t11

5h239

l\r7 F

i\77

.!TÐ Ã, ôvL! ê )44

rr(1^ r.r-Ì,^-^;_ ^_ thn.¡uv, ú,!ur-LjJvó, l'i

.t-lJU, lJl-ni]l-pege I'lan'

l-.t\t' i.rf h-ña hôÕ' i,Ên"

"an"1UU, iJJr[rr}Jçà;, rr

IIJU, UJJ-11fl1-peg, I'Én.

Instiiute Pasteur¡ Pari-s,

Tnstitui;e Pasteur, Paris,

fnstii;ube Paste.w, Paris,

f'bance

France

Fbance
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Center fo:: Disease Control,
-{ttJ-anta, Georgia

UIIJ-V . \iUt/tiUUJ È;, u!Uçuur 6,
Sr.¡eden

Recei-ved from iti, ifl]-ian
f.(orr_gr-naJ_Iy Ð-o'onl-J-l-zec1 þy
i4, Pittman, 19¿f8)

, jan,ItJ\,g !!Ilur-Lyvë;, r'.

f{ \ìl ' r.¡ a -ñh ì ñô ó lr']An .I¡uvg rslu¡ryvÕ, ¡,

ATCC

H\t . , lrhhf nôô. [iar]."r¡vv, úú su

uqr! "lall"fluug !!!ur¿lJçó, ¡.

ÄTCC

ATCC

TT ({ i-lon* n-1 11 o-¡ì ^rr'l *rr-eaUoUo lWyUo uI j!ðM(áu4v

222 it'leth-od.s Us-ed !o Crgi"r agd-_çLara-qrqrizq tir 9t¡{ìrevi- Strai4g.

?i2rl- Cu-ltr:ra] Characteristics

Prevj-ous r'rolrkers (Ha¡nrnond et aJ-, I978c) had suggested that

I{. du-creyi st::ajns sequired C0^ and a moj-st atmosphese for grovt'th"*¿

Consequently, alJ- cul-tures l'rere gr'ovm iå a moist atmosphere l^fith

5-LOf; CO^" Unl-ess othen"¡ise indicatecl, a[ H. Q:fgç¿L st'rains i'¡ere
/-

^-r raoa, oórvljra av )/ v ¿or 24 hours prior to use.

2-i2.il a So]j-ci. lvied.ia

Groi.rLh r^¡as tested irr the foJ-J-oriing sol-id media: (a) bl-ooO.

agar, (b) 5fr ¿.ettbrj:rated sheepss blood chocol-ate agar (SBCtr),
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(c) cc agar base, (d) nutrient agare (") chocolate agar (ca).

(See Appendix 1 for ¡redia formul-ae")

2:2zL b Liquid j'iedia

AIL strains of H. ducreyi were tested for grov'rth in three

liquid media: (a) t"iueuer Hj-nton broth (!He), (¡) jlugon broth, and

(c) brain heart infusion broth, with and r¡ithout 0,11, hemoglobin,

(See Appendjx 2 for broth formufae )" A Zfa-hour cul-ture of H'

drrnrevi fi"om CA *r^^ "i-. each broth and diluted to avu-v¡e.vÀ ¿¿ vut v¿! ÙVdð ÞL¿ÞIJEtluvq !r

concentration of fO9 Cf'U/mf. T\¡ro ¡rl- of this suspension was irtocula-

ted j¡r ]50 rnl of the respective broth. Flasks vrere agitated j-n a

5i!, CO^ i:rcubator at 35oC. ¡lach broth r'¡as exani:red at 48 hours for
¿

rnr¡ rri crrl'l 'i ¡¡76oaa i n *rr-¡hi rìi *¡¡q¡!,y vrÐqq+ lÀ¿wJ v4Ðç trrl u4 vJq!uJ ó

2z2zl c Biphasi-c i'{edia

As indicated i:r the techniques for electron nicroscopy

(z-2323), L ducreyi strai-ns v,iere Srol^rn i:i biphasic media, r,uith CA

es t,hc solicl nhese overfain v¡ith 200 m]- of i'HB, Biphasic media

luere inoculated with a ]-"O m]- lrÍHB suspension (approximately 10Õ CFU/

ml) fronr a ]Ai¡our CA cuJ-ture" Organisms could be removed from the

liqu-id phase of the biphasic media l.¡ith reduced manipulation, there-

by preventing d'i sruption of cells.

222i2 luorpholosical- Characteristics

2t222 a Gram StaiP

A sal ine suspension of H. ducreyi t'¡as heat-fixed to a glass

slj-de and Gram stained by tluckeres rnodificatj-on (Hucker & Conn, I9)3),
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222:2b L:Ieh.lj,=trçroF@

H. _{uçqeLq col onies v¡ere s',,ained by a wet-f ilm India iniç

method. according to Dugrr.id (fç¡f) 
"

22222 c Co}onia]-- irr{o,rPþo.Lo&v

Colonial- morphologr of H. ducreJ,i vlas recordeC. after 2J+3 Å,8

and. f2 hoqrs grot^rbh on CA" Colonies ïrere vierued by hand lens (x5)

r¡rder normal laboratorY lightfug,

2r2-i3 Physj-ol-ogical- and Bj-ochenlical Cilarajrtgiz.ation

Tests fop a requirement for X (Heni:r) or V (irlicotinanride

adenjne d.j:rucl-eoticle, or other clefinable coenzJ/ltes) factoz's '.uere

made usj-ng a routine satel-l-ite gror'rbh test on supplenenÌ;ed GC

agar base (Cinco) as cì.escribecJ. by liammond et al (fçZS¡), Confirma-

iion of X fàcior requirement i.¡as sougþt u.sing the porphyz'in test

(Kil-ian, L97ù.

Attempts r^ier.e made to test the activities of H' ouc::eyi j¡t

routi¡e car"bohycì.rate fermentation broths ' In addition, tests r'¡ere

d.one i¡r the API-20il (A"ufytab Products, Piairrviei,u, N.T.). T\uent¡.*

for¡i' hour colonies from CA l"fere suspended. in physiological sali-ne

and i¡roculation of the /trPI-2OE si;rips fol-l-or,¿ed procedures as ouilined

by the manuJaciurer"

2 z 2 : l+ Po-lyar:Ccin -l'tinj:nu¡n J4þ-ibit.o-rr¡ Concentløb-þns

The m¡¡imun j::l:ibitory concentrations (Ì"i1C) for poJ-yniyxin B

(Pbx) (Signîâ Chenical Co,, St. Louis, luio,) r"¡as determ-ined folJ-or'ii:rg

the agar ciil-ution technique (Ronald et al, L969) as used by l{ammond



et al- (fçZg"), S, aureus ÃTCC 2lç923 and il" coli ATCC 25992 ',,tere

used as the resistant and sensitive controls respectively. The

agar diluì;ion was carried out j-n duplicate on aIL H. ducreyi strains

evnent /,391 ancj ?Á-F-2 r,¡hieh r,¡ere not tested, This techniquevrruvyu L+J /L q¿¡s /v

measnred the growbh on CA plates contaj¡ing from O,O25 to Z56.Ltg/ñ

Þrìv i- o 'rnc 
^ilution series" The luilC of Pbx v¡as considered to be¿ uá, Jrr a !u6t qr

the lowest concentration that allowed growth of three colonies or

less or that resulted in a haze that did not appear to be elevated

above the sr.u'face of the agar when a hand hel-d lens (x5) was used'

IrtrCes v,¡ere read after 48 hor:rs incubation.

?-23 Efectron Ì'ücroscoPn

2z3tl Nesativ_e Staj:ring

ûee, tvro and three day old cultures oí H. ggrcJtl i'Iere

renoved from CA sr:rfaces and suspended in sterj-le physiological
A

saline (approximatel¡r ]-6ogFU/nlf) " A drop of the suspension r{as

spotted on a Formvar (Polysciences fnc,, irlarrington, PA") 4OO mestl

copper grid and excess liquid ÏIas removed v¡ith a fjl-ter paper"

C-rids r,vere then stained with J-"51j phosphotrurgstic acidu pl-l B"ó,

air dried and examj-ned in a Philips 201 electron rnlcroscope"

czi¡? Fixati on Techniques

AIL fixation. proced.ures follol¡ed standard electron microscopic

techn-igues ancl are essentially those used by i'faclcie et al (,l979) 
"

/TLo.o n¡naorìrrroq rÀrêrâ ì ni f.i ¡l I r¡ doscr.i herl hr¡ .T ^t'; ¡'ì^^* ^-l- n¡
v *r¡Év¿qÉr' \-ÀltÐL;I IpVq uJ U ô!! ô vvÐ vv¿ vvlla



38

Universii;y of Calgary in personal correspondence")

c-2322 a ltlorrnal- Fixation

Cell-s were suspended in iHB and swabbed onto CA' After lB

hor:rs gror,rbh, colonies were prefi-red b¡. adding 0"5ií glutaraldehyde

j-n 0"1 l't sodirm cacodylate buffer (SC ¡uffer)¡ PH 6"6, for one hour

at room temper:aiure. Colonies ^L'rere removed from the CA by pipet-

ti-ng off the prefix solution and gently sprur i-n an Adams Rynac (Ctay

Adams Inc") desk top centrifuge at óooo rpm for ten mi-nutes (^'7>-O g).

Pel-l-eted bacteria v¡ere embedded in !;.i Bacto agar (liico) and drain-t

into cores" The agar cores luere then fixed )n 5,¿ glutaraldehyde in

SC buffer for tir,¡o hours, r,rashed in SC buffer (five times) and post

fi:<ed in osmj-um tetroxíde f or tr¡o hours, They r¡¡ere then washed jri SC

buffer (five tj¡res) and dehydrated j-n a graied series of acetone/ttaüer

mi.-frr¡ac /an qn r/^ .)^ rnn..'\ l.o.r'cq r¡.rê1.ê 'Dl¡ee6 tr¡fiCe iff f:fOp¡¡lenelli-]!ìítJUl'e:i \rUr2U, lU97V2J-VV¡ÞJ o \JL/l sÐ !JçI ç lf+qwçv- vv{Ävv 4r Yr vyJ¿t

oxi-de for one-halí hour and. then l-eft overnight jn a 3:l propylene

nvìrìa /\loo*nnh:'l it] lPô]r¡sei enCe T-^ I on"lrr*'ì nn rnÌr^ -^..+ .l^1' ^Ítefoàal1e/ VOSIOIJIIaI !¿ \¡ vry JlC o ) ÞuJ(luJUIIo f,rrv tlv^u |\crJ t o'r

í.he nronr¡'lanc o:¿irìe harJ erranoratpd - i,hc nô.nes ilre?e relïOVeci andulrv }jI vyJ +ç¡lg v !q9 ¡¡qv. e v ql/v¿ q vvv. I

n'l¡ned in fr^esh'tr^-+^nL-1 ,I in ^^'i+^+^¡ +.'1^^^ /rfter four hours
---- VeÞ UUptLd,-L /,i -LIt d.ËJUd.L'tJ\r uupvÈ e

the cores i.fere embedded i:r fresh plastic and: cr;:fed for $ hours at

¡ nOnOU U"

223:2 b Fixati-on Combined wi'i;h Stains

Ruthenium recl (nn) and Alcian Blue (lre) (Potyscience Inc,),

t,nrn nn'l'r¡an'ionie st¡ii,rs- r¡rêy.e used to demonsirai;e the presence ofvrr v yv¿J

capsufaï subs'uances which contain negatively charged acici.j-c Sroilps

(Springer 8r Roth, I973t Cassone & Garací, I977t i"Lacl<ie et a}, L97Ð"
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In the RR and AB staining methods, the stai-ns liIere incorpora'r,ed

i¡ito the nortnal- fíxative " Both stains r'¡ere added to the fixitlg

fl-u-id SC buffer at a concentration of O.I57i (r,ft,/vol)" The stains

I.Íere present in the fluicìs dr.lri:rg the fjxation process from pre-

fixation in O" 5% S]:ui.ara]-dehyde until the first (tO%) step of

rìehvdrati on in acetone.

Zz3z3 Pretreatment of H. liucrevi and H. i-nfl-ue4Aae r¡ith Antisera

Pretreatment of bacteria r.¡ith homologous antibodies has

been used to stabil-ize surface contponents (Batter and Loosl-i-, L966t

Doern and Buclsnire, !976) " In the present study this nLethod rvas

u-sed to attempt to retai¡r capsular materi-a] on Haemophifus species"

H" influenzae B03l- and H. ducreyi from an eight hour and 2-4

hour cutture respectively, were pretreated by addirrg type b (H'

infl-uenzae) specific Burro and FI. ducreyi rvhofe cell- rabbit antisera

(see sectLon 2:52?- a) dil-uted ]-:f r^rith distilled water" The

antisera was added directJ-y to the CA plate for one hour before

prefixation.

H. ducreyi grown in the biphasic media ïIas separated from

the tiquid phase by nrild centrifugation and al-so treated r,vith H.

ducrerfl antisera diluted 1:1 r¿rith rr,ater. Prefi:cation in both

cases (C¡, or biphasic gror'rbh) was contj¡rued as usual or in some

casese v,rith the addi-tion of RR or AB'

2zltl, Thjn Sectionins Techniques

Ultra thin sections r+ere cut from the plasti-c specimen

bl ocks on a l,KB 88OO Ultratome (Brorna, Srn¡eden) with glass knives,
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Sections ir¡ere pfaced on 400 mesh copper grids and post stained r,¡ith

I% uranyl- acetate, fol-]-ot¿ed by Li'å ].ead c'itrate" Grids were examiried

in a Phil-ips 201 electron rúcroscope"

/-" 4 Ro_lIiij-:le H_is tol-osical Te chniques

Experimental l-esions produced as described j¡ section 225 d.

vrere biopsied to determine the histological changes that had

occumed j¡l these lesions, compared. to control- sites in nor¡nal

skin, 1:tìr days 2e\r6r8 and 11 post inocufation, the response

produced by each strain (H. ducreyi 5l+zll and 477) was biopsied

and fixed in IO% formal-dehyde and processed to paraffin wax (by

Patholory Laboratory, Health Sciences Centre) ' Sections r,rere

staj:red with hemato>rylin-eosi¡ and the histological featr.lres

described (fr. l'¡, Curry, Dept. of Pathology, University of I'ianitoba).

Photonúcrographs rvere taken usi:rg a Leib Orthol-ux II (Germany)

mi ^¡nc nnnai¡4v¿ vu vvì/v o

225 Expçri:lg+tal- Ani-mal- Studies and An',,isera Production

2z 5 :L Rabbit_ Virul-ence Mtodel-

The viru-l-ence of H, ducreyj- strains was tested by the

intradermal injection of 0.20 ml- of a i\frIB suspension of viable

organisms (Hammond et al, 1978c), These suspensions contained

^^^--^-.ìn^+^-r-, 
-j n9^*r t-.. | -'---r jaau¡,rv^!¡r.,o-y ,J'CFU/Tú- (as ildicated by a itlo. i-¡ l'tcFarland Barium

sulphate opacity standard) and were nnde by scraping colonies from

a 2-L,-hour cul-ture on CA and. suspending i n lvftlB" In one exper"iment,
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AA
the suspensions were diluted i:r foglo dilutions from l-0' ì;o 10"

CFU/nt:-" All injections v¡ere rnade il separate sites on the backs

of previousþ shaved. 2:3 kg, one year old femal-e I'ieiv Zeal-and i.rhite

rabbits. Unj:rocul-ated I"HB and heat kil-l-ed (óOo for 30 m-inutes)

suspensions served as controls and v,rere inoculated intradernially

j-nto each of the rabbits used for virul-ence testing.

Induration and necrosis r"¡ere determj-ned daily from day I

until- day 11 post inoculation. The criteria for virul-ence ÏÍere as

foll-oi,¡s: by day 4, i¡rduration measurj:rg 
= 

0'5 cm which progressed

to an eschar by day 11"

fn one series of experiments, samples of pus from the

lesions r,'¡ere sr,¡abbed onto CA and C/.t. plus 3 pg/roa Vancomycjn (C.qV)

/--. -.--(Eli till-y & Co", Toronto, Ontario). Lesions were srn¡abbed once

daiþ until cul-tures for 11, ducre¿i were negati-ve"

Bj-opsy samples (sect " 221+) r,¡e¡e afso cultqred. tr portion

of the biopsy was placed jrr 2"0 nù of lt'fiB and vortexed for tr,^¡o

nrinutes. The broth l.ras removed from the tube and plated out onto

CA and CAV and examined for grorrbh of H" dr.l,gs-evi aL ?-)+s h8 and ?2

hours.

225:2 PreparAtion_of Ântisera

^.Ã,ô ^ ¡\^*.i^^- Þ-^n^-^*in-1. ) " ¿ d ruruj!.i:Lvll r¡sl'rélévrvll

-lJhole cetl- H"_ ducreyi antigen preparatioll.s t'rere coJ-lected by

scraping 2a-hour cultu-re of ll" ducJ'eyi 5l+2L from CA" Bacteria

i^rere suspended i¡r O,Jir" forrnlized sal-i-ne and dil-uted to 1.5 - Z"O

x l-09 CIU/il1-" A cel-l- exLract of H. ducreJ¡-L 5t+ZlSr^¡as al-so preparecì
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accordixg to Buclcnirees (lgZ6) method for crucle capsular antigen.

DEAE Sephadex poolecl fractions (sect " 2z6zl) r+ere also usecl

as antigen preparations r.¡here indi-cated"

2:522 b Immirnization Schedule

Al-l- rabbitse antisera was tested (by double diffusion - 22622)

against ',.¡hole cel-J- sonicates of E= ducreyi 5l+Z.Sl prior to inu"nuniza-

tion to ensure the nonreactivity of baseline antisera.

22522 bI Antisera AÆrjnet iïho_le Cells

Antisera against whole cell- H" ducfg¿ 5f+ZlS r¡Ias prepared by

injectilg iruo, female, 2--j kg r,^rhite ltler¡r Zeal-and rabbits nith a

for¡ralj-zed whol-e celf sal-i:re suspension according to the scheduJ-e

of Alexander et af (fç¿.ó). ru:tisera Ì.rere tested for activíty and

after three complete schedul-es of i-rnmunizat'ion, the activities

remained l-orr¡" Consequently, one rabbit was i:rjected i:rtradermaJJ-y

r'rith viable oz'ganisfis as descri-bed in section 2:5:l- to j:litiate a

lesion, The second rabbit r'ras injected intradermally with four

0.1 cc i¡rocul-ations of a 1:l- dil-ution of cell- extract and Freundls

Cornplete Adjuvant (lifco), This rabbit was rested for eight i+eeks

and then injected. intravenously with celJ. extract j¡r three doubling

,r^^^^ -,^^r.r-, ^+^h+i--,;+r. ^ 
-r nf. These tito rabbits r+ere bl_edUvùUÐ YJçU¿UJ, ùUd't U4l6 lïJu¡¡ voI

and antisera was col-l-ected tl¡o weeks after the i¡r.itiation of the

lesion and trrro l¡eeks after the l-ast cel-l- ex'i;ract i-:njection respec-

tively. Al-l- sera v¡as stored at *70oC until used" The sera from

the rabbit thai, received the cell- exbz'acts r¡as fowtd to be more

reactive by double diffusion. This sera is reÍerred to as lL ducreyi

{ffiurtii€æ
GF å.TCF¿ITOBÅ
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whole cell- antisera and r,.ras used for ihe electron microscoi:ic

-+.,^-i^^ /o.e.a\ùuqu¿vù \<")"-)¡ and. testing colurûn fraciions (Zz6:t) 
"

2z 5 z2- bTT &glsq_¡I'a_qtion Æ!1ss¡a

Pooled fractj-ons three i;o six from the DEA,tr Sephadex 450

column (see sect. 226:t¡ b) were freeze d.ried and d.jl-uted. i:r

.ri^+.."rr^-r Tr.\ +^ a concentration ^f ¡ a ",-/*-t .Iììom^'l^ f,lâ,.,'z^.'t.ndL¿J-J UI-I-LUL'. r!2w UU d çUttÇtt.LllJI d. UaUII U-L .<.W)f é/ rtL-Lé -l'tilrrdM':tiyJ ¿ltct-l-d

'¡¡hite rabbits, appro>:i,nutely 1"5 kg i:r rreight, rr'ere used for

production of antisera to the pooled fractions. 1\.¡o rabbits r,uere

used for each fraction and. the antisera tested aeainst a cell

sonicate (Zz6z1) range of antigens" The antisera from dj-fferent

rabbits rr¡ere not pooJ-ed.. Fol-l-orti:tg essentially the schedule of

Bo.,,rden et aJ- (WZe), a 1:1 nlixruure of Freud?s Comple'i;e Adjuvant

(lifco)r and each pooled fraction l^ras emul-si.fied by passage betrueen

.t.-.¡n'ìÂ lì m1 lrrrrral¡js¡¡fin svrinoF,rs carnnentej'l-lr¡ ¡ dOUble headed9r¡v !va

needl-e. Four areas on the back of a rabbit, just above the limbs,

r",'ere clipped and shaveC. ÀpproximateJ-y 0"15 ml- of each antigen

emuls j-on vras iljected intradermally into each site on ti,¡o rabbits "

In adCitione approrri-nately 0"5 ml ""'.'as j¡jected intramuscularþ

i:rto each hind limb.

Àfter this initial injection, the anjmals 'çtere rested for

three r'¡eeks" Àt this tjme, each rabbit r.;as gi-ven an 0"25 cc

jrrtravenous booster of antigen withouì; adjuvani. P:rior to this

ínjection, anir,rals r'rere given an j¡rtraperitoneal i:rjection of

r^ \ ^ F ,- ,Phenergan (PouJ-enc Ltd", I'iontreal, P"Q"p Canada) , 2.5 ntg,/kg 'i;o

avoid harmful- all-ergic reactions, One rr¡eek J-atere a second. 0" 25 cc
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intravenous booster i:rjection of antigen i'ias given to each rabbit.

T\¡Io l.reeks afier the second i:rtravenous injection, ihe ani¡al-s

were bled from the centraf ear arterT/ and sera coll-ec'ted and- stored

at -7ooC u::til- used"

2t5?2 c Ántisera .ftlggt Q:therlUor,þ{g

H, i¡lluenzae- type b antiserum r'ras graciousþ provided. by

J.B. Robbinsu ltlational Institute of Child. Heal-th and Hunun Der¡efop-

meirt, Bethesda, I'ld" The antiselr:iir^ras p::oduced jrr burro agai-:rst

Ë ;*r'l .,^--^^ +-,^^ r. -+--i- Þ^l. /¡r^.-^-¡^n ^È ¡-l r ot.ÁlIIô .l+lr-l-L{ql+_áqs_ úJlJç vg ùuld'Jl rEw \r1lv^dlluÇ¿ vu ér, L/L!wlo

226 4$¿æ{irc.Æ}Lsj¡.of H" ducr-eyi_

2:6zL PreÞaration of i,ll:ole Cell- Sonicates

It has been shor',.tt -r,hat v¡hole cel I sonicates pror¡16ì.s a

conprehensive spectrum of the antigens recognized on bacterial

cells (Snlitfr et al, \976 and Hoff 8r Hþlby, f978). For this reason

r+hofe cell- soni-cates r,¡ere used to test all sera for the range of

antibody response, lihole cel-l sonicates l'rere prepared by taking

col-onies of J:ÞSgpph-ilæ. species (taUte 2:1) and suspendirig them in

O"i- l,i tris-HOl buffer (tris buffer) at pH 7.0. These suspensions

l,¡ere centrifu-ged and peJlets resuspe¡rded. i:r tris buffer, Sonicates

were .i;hen prod.uced by sonicati:rg a 1"0 ¡nl- aliquot in a Biosonik IV

(Bronr,rill Scientjjìc, Rochester, irI.Y.) u:rtil conplete þsis (checi"ed

by phase contrast mi-croscopic exandrtation) had occulrec'l. l','hole

cel-J- soni-cates r'rere d.il-uted +;o a p:rotei:r. conceirtration of bet-'¡¡eeil.
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I),) anc.2.u rïtg/rd- as dei,ern:-i-ned by the i'lcro tsiu-r"et ¡nethod (Zamenoff,

fgST) u.sing bovine serun albu¡uin (S:-gna Chenricals) as a standard,

226;2 Do_ubl-p.Q![i5-$

Double diffusion -rvas carried oui usirig ID Agar tabl-ets

(ùcoid, l,ondon) mel-tecl r-n 50 mt of O.O25 l'f Barbitone Acetate Buffer

prepared b;r cìii-utilg Oxoid Buffer (Oxoid, London, England) l-:4 ','¡ith

distilled r.¡ater. The melted agarl.¡as cool-ed to 5OoC and l-O ml- r'¡as

all-or+ed to flor+ over the surface of a 3i x 3i; jnch clean glass

plate (ltodall Ltd., London, England). tlelj-s of standard pattern

r,¡ere cut i:r i;he agar after" the ge1 had har"dened..

Antigens ancl antisera for. test rr¡ere placed in fhe irelJs, the

aurangement d.e;oendjng upon the reactants used, Plates i'¡ere left irr

a mo'i st petri ci.ish for ?Jr houvs at room tentperature and for an

e;cbendecl period of up to 96 hou:"s at ÀoC and then for four to sj-x

houss i:r d.istill-ed. t¡ater at room te¡n1:erature " D::ying lr¡as carried

out by placilg filte:: paper (-r',Ifiatnan IrTo. 5Ð over the surface of

the pl ¿¿e and al'l oi"¡ing the r.¡ater to evaporate until the paper and

pl-aie i^,'ere just d.amp. The paper i.ias then remoted ancl the plates

allor^¡ed to dry i:r the air, Final-Ly the platesl'Iere placecl at' 37oC

for one hour,

A permanent recoi"d r,¡as made by stai:ri:rg the dried ge1s.

Dr"ir=rl pe'ls r,¡ere fi'reri in 297" eoueous acetic acid. for th::ee to five!¿ ¿vq óvrÙ iivr

m-inutes and. then stained in the following stain f or one hour:
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Gl-acial acetic acid 10 nl-l

EÌ;hanol 90 nù

Comassie Bri]-liant Blue R 250 ^ Æ

(srÈ, P;"i;;i;sr""d) z srns

The s.r,aj¡red plates rn¡ere rj¡rsed rapiclly i:r Ì;ap r¡at,er and then

d.ecol-orized i¡t:

Gl-acial acetic acid 10 nl-

jithanol 85 nt

Di-sti l1 ecl -'datei: 5 IrL

Differentiation l¡as conii¡tued. unti'l 'i;he precipitin li-nes shov¡ed

up clearþ on a cJ-ear background.

c : 623 lrnrunoel-ectroirhoresi-s

Immunoelecirophoresis l'¡as carr"ied. out using a nruJ-tiphor

/tTaF Þ-n.ìr,^*- F - ' \
\!r:! r --, Jromma, )Ì,reQeil/ and an LKB poi.ler pack" The techniques

ernployecl fol-l-or^¡ed, those outlined i:r the manu.al supplied by IJ(B

(A>ielsen, L97Ð, In general, throughout 'uhis stud.y, jnrnrnoel-ectro-

phoresis i:r a single djrecti on l,¡as made at a voltage of IO volts/cn

for 3O ninutes at 5oC. Ifith tr.¡o-r.,ray and rocket i¡::nrnoelectrophoresis,

the second c'ljmension j:rto the antisera containÍng gel l'ras run at 2

volts/cm for ló hou:'s al 5oC. The optÍlrum level of reactants was

d"eterrnilecl by trial yuns ancl the figures (jz15 ¿q 3:16) shoit'the best

resul-ts obtajyred. Dryi-ng ancl stai-ni:rg of the gels i'¡as done in the

same ifay as descríbecl. for cìouble d.j-ffusion (sect. 22622).

2 z 6 t þ Sepai:ati.9F- 9f-Hr-dqç-revå I''hq-le- CeJ-l Þon}çg!ç s

separation of the antigeni-c components of exbracts of H,
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SW¡.çyf542IL itas attempted by ch:'ornaiography usi:rg molecular sieve

and ion exchange chroma'i;ography"

226;11. a Chrtggla.bweph¿ Q¡r SS;,oharose- ÀB

À r,¡hol e cell- sonicate of tí, ducrey:L 5l+ilA i.¡as fracti onated

on Sepharose 4B (Phannacia, Upsala, S',ued.en). The coh¡m r'¡as f"o x

80 cm, the column vol-ume ?8 rú, rvith a Vo of 2¿.0 ml- (measured by

the e:çc]-us-ìon of blue clexbran) (Pharmacia, Sr,'reden). Bu.ffer r¡as

gravit;y fed at a rate of 0.1 rú,/ni:r" The fractj-ons were collected

by a l.[od.eA 27O ¡t'¿si,ion collectoi' (ISCO, LincoJ:r, lr]ebraskae USA)"

Co-lunt:s i,¡ere loaded i'¡itir 5"0 ml- of a 2OO n&hnl (l'iet r,reight) r"ihole

cefl sonicate of H* dU.c::evi 5L,Zl-l- in t::is buffer' The absorbance

at ZSOB oí each fz'actj-on was cleterra!-ired jl a Unicam SP18OO spectro-

irhotometer (Pye Uhicam, Cambridge, England) " Antigens i:l the

fractions ¡','ere d.etectecì. by clouble cÌiffu.sion (sect. z:622). All-

fractions h-eïe stored at -2OoC until- u-sed.

2z6zl, b Ç-Ì-frggatggraphv oJr- DEA]I Sepþacle>t

A rrhol-e ceIL son-icate of H". 5þg3g¡- 5Lç21)- uas gently spurr in

a d.eslc top centr"ifuge, The supernan-r, containecl ZZ.5 nS/nI ot

protein ancl. r,¡as used as the antiger:-ic preparation separated on DltrliE

Sephadex,¿r5O (Pharrnacia, Sweden).

The column had a iotalvdme of l-8"0 rnl and 11?s pacl.-ed. r^rith

the DEil,ll SephacÌex l.¡hich had been equ.ilibraied r¡ith 0.1 1'î tris,/HCt

buifer pH B,O a'u i+oÇ for dB hour"s, T\'¡o ml of the l'[CS supernant v¡as

applied io the col-umn and eluied ji-t C.I I'i iris,/HCl buffer pH 8,0

i¡ a lriaC] g::adieni (O'O -l- 0.8 1'1 lJa0l piJ 8'0)' The e'lectrical
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conductance of each 0"5 nl fraction r+as measur"eci on a CDIIJ conduc-

'L-i--;+-- .-^r^'," /n^-¡inmaf.cr- llnlrenherten- T)enmarlc) ^ F:.aciions r.¡ereL/-l-Vf UJ lllçUçl \røqIUlrVUçI , vvPul!¡sõv:r, Ðv.tuLst 1\/ o

collecteo: and tesi:eC for" antigeni c activii;y by rocltet i-nnrunoel-ectro*

;ohoresis (sect . 226:J) . F:'actions contaj-nixg aniigens rlere pooled,

d.ialyzed and freeze d.ri ed. "

2: 6z J Hea!-esd. Xgzrue T4qatg,epþg

fu du-c-Le;v.'å i.¡hoJ.e cel1 sonicates and pooled fractions Írom

the DBr-E Sephade:r (Zt6z4. b) were heat treated at IOOOC for l-5

ni-nu-tes. i,trole cell sonicates -'¡ere a'l so 'uz'eated. '"¡ith protease

(mo, p-5f30 sigma, st, Louis, I:.{o.) tor ló hours at 37oC, These

protease treated samples i'¡ere then heat treatccì, as p::eviously

mentioned, to inactivate ì;he protease" lleat treated. and protease

treai:ed. sampies ',.¡ere testecl for their antigenic activi'ty by double

diffusion or rocket j¡r¡muroel-ecirophoresis as i¡rdicated.
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3zL G::or¡bh on Various iiedia

The gror,*bh of H. Êugtgru appeers J-j-túted to solid ¡nedia

r¡hj-ch contains hemin, ,\s ind.icated in Table J:1, this i¡rcludes

sheepls bloo.d. chocol-a-,,e agar and chocolaie agaT'. The d.ífferent
/!ãrñ \ r. rbro'i;h media (i,HB, Xu.gon and Brai:r Heart Infusion ìc::oths) did not

support the grol.rbh of il. d.u-çreyi even after the ad.dition of henrin"

It l.¡as onJ-y possj-ble to nainta j-n str"ai¡ls over long ireri od.s of tjme

on CA.

I " ^ rí^-*!^^'r ^*. characterisi;ics) " /- Jru! v¿-lvilv,<,Y_

jz2:I Col-onial ;\l:oearance

Co-ì-oni es (of &- d..uc.gij) gïor.rû on C.¿\ aft,er 2À. lo /-¡8 hor:rs

j¡rcubation appeared as non-mucoid, yelJ-oi.r-gray globuJ-es, The 7-8

nrm colonies 1,rere vez'-y cohesive and ren'raj¡ed i:rtact ¡.,¡hen pushed.

across the agar surface" This feature is considered. characteristic
f^of H. d!.crerÉ (Beesen & He¡nrun, 19115 and Hamtonrl et al, 1978c),

rifte::72 houz's grorrbh, a green (al-pha) zone of henoJ-ysis i'ras preseni

on the Clt cìirec'r,Iy under most colonies. This zone of henoJ-ysis

e,-rLend.eci no fu::ther than l-2 ntn past'r,he diameter of the colony"

j t2z 2 _C-elJ-gla_{_éru9ê+æ9.

H" d.u-crey! appeared as a pleornorphic Gz'anr-negative rocÌ r+hen

vier'¡ed by the l-ight rci-c::oscope after Gram stai-ning. The rods

aver"agecl app::o:<i:naiely 1,5 :ç 0.51øwtLh ror.l-nded encls" Organjsms
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Gr or,S[*of H,_ jj.ucr"eyi :on V-ar i.ous 
-]:îeci ig

.. I
50 llC,. ]jjeQl-a-

B]ood. Agar

Sheep illooC Chocol ate Ágar

GC ltga:: Base

1a,.+ --i ^- + 
^ 

-^ *1!UU¿ -LsrrU lróq¿

Chocolate .i\gar

'1

Licuid i:edi-a''

l.iuel-Ler l{in'bon Broth

Jf v.6v¿¿ ur v ul¡

Brai:r Hear'r, Infusion llroth

l¡s&st:*qå,quþssil@
12

&

Groi.¡bh

-j

-t-

Plu.s 0. r Íl ]-iem-ì:r

a Composition of the various media is fou:rd j¡r Äppend.Lx l- and 2"

0

0

ú

0

0

0
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i.roul-d ofìlcn align ',,henseJ-ves i:r par'all-ei chai:rs (the classica l

mschool of fishrr patte::n), a feature cha::acie::isiic of al]. of ihe

U" ciu9re¡É s't rains used jn i:his stu.dy"

Duguj-dts (tçll.) ',rei;-filn India j:rlc method for siai:ri:rg

capsules d.id not :reveal the preseitce of capsular la;rers i-n any of

the Il" d.ucreyi strai¡s"

3za,t Phvsioloeical and Biocherri-cal- Characteri-siics

I'Iu-tritionally ali H" d.ucr-eyj strajns e:.Jrrbited a re-o*uirement

for'li-factor (hcrü-n) and r'¡ere jnde;oendeni of V faci,or" (TabJ-e 312)"

-t\ negati-ve porphy::i-rr test conf i:'nred the need f or an e::ogenous hemin

soulrce jn the g::oi.rth meCi a " The po:'phyrin test' measwes the

ab'ility of bacteria to utilizef-arninoJ-aevurlinic acicì j-n the bio-

s;mihesis of po::phobilinogen and 1:orphyrjr:.s. As the straj:rs dicl

rrn* oz.n:.¡ in lrr.nl-L ;.r- -.-^^ - ^+ - 'rssible tO ieSt .i;he activi-ties ofllu LJ BL-UtiJ -LlI U-|.'U Ul19 J U t'Jdù ¿lv u jJL

11* SIfgSru in -r"outi:te biochenúca] and ca::bohydrate Íe¡mentation

broth"

Ho-,.rever, tests pe::f ormed on the APr -208 j:rdicated that

H. qu-ç:-gyi is relativel-y inactive biochem-icalþ (see Table 3t2).

The only difference noticed be!¡,i',IeeïL straj:rs i:l 'che i\Pl system llas

i:hai CIP542 fail-ed to fermeni: g]-ucose and straj-:: 5lAL]- cìid not

fernent gJ-ucose or arabj-nose. itl:ii;:'ate ::ed.uctase couJ-ci onJ-y be

d.emons''cra-r,ed j:r strains 5I,2-lJ and 781-l-8' jrlj- straj¡rs r'tere Voges*

Pi'osjraue:: and. Oz:idase posi-i;i ve "
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3zA. @ Igþibitcry C.ollcentration

Table J:J d.erironstrates ì;he sensi'r,ivity oí selected H. ducreyi

st::ains ì;o pol.yrqrri-n by u-sJ:rg the agar olilui;ion rr,est" The ::eÍerence

strai-ns of E_ iì.ucreyi (I75, iv77 ana CIP5!2) îrere sensitive io

polyr:ry:i-n irith i.ICss of Í I.O 2ug/r.I. lhe llir:rripeg st:'ains 35OOO,

35199, 78118, 5t+?-iJ e 5h239 cìemonstraied resi stance of up to 128 jt\/Tîf "

. gAli and fu eru. coirtrol- strai:rs exhibited sensítiui'uy (<I.O¡tg/

nI) ancì resistance ( > z-J6 $g/r}) '"o poJ-yr4y:ril respectively"

325 Cel-L llall- Ulirastruc'uure

iìxar¿i-nat-ì on for PiLi

:\s a control- of i;he negaÌ;ive si:aini:rg method, pili lrere

clenonstrated on.I. c-oLi- YJO, a pi- piaia'i;ed. strain (figr;re 3:1 a.)"

The l¡i'li l.¡e.r e s¡-narrì arran'lÌ¡ ^r¡ê1i the SUffaCe Of the baCte-f.ia anC

r.rêrê .rìïêqanf. nn +1^^ -.^.Ì^-;+-, ^3 nel'ls ^ iTo ir.i'li COUI-d be Seen OnljçL g lJr VÐVllU v¡: Ul{V lllGJvI ¿vJ ur ug,aÈ t M IJ!.JJ

the surface of an;' of ihe H" dugte;å strains using the sarne iregative

si;airri-rrg iechnique (l'igure 3:1 b), Pili coul-C. not be demonstrated

j¡ ll du"ggn after )Jt, h.8 ov 72 hours gror.rbh on agar rnedia.

325:2 Cel-]. ila]-l Characteristics

Pas'u l¡or'liers have reporteo the presence of a Gram-negative

cell- r'¡alJ- in ['.$]Æj-9¡1|, .¿Is seen i:r Figu::es 3z?- and 3.z3, all. i:1._

d.uc¡'e;É si;rai:rs used j:r thj-s stu-dy possess the tripartiì;e ou'r,er

ne¡nbrane characteristic of the Gran-negative ceL-l- ttal'l . (ttris

j¡cludes al-J- strai-ns j:l Table 2z!, e;rcept 6'[, h39t and 36-F-p-
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FIGIIRE 3: la. Electron Micrograph of Negatively Staíned

55

E.coli Y10

FIGURE 3:lb. Electron Micrograph of Negatively StaÍn.ed H.duc¡eyi 542LL



FIGURE 3:2

FIGURE 3:3

Electron Micrograph of Thin Sectioned
after Normal Fixation.
Bar represents 0.lF; Arrows delineate
Neeati-ve ce1l wall.

56

H.ducreyi 35199

area of Gram-

ElecLron Micrograph of Thín Sectioned H.ducreyi 35199
after Normal Fixation and Ruthenium Red Staining.
Arrows indicate Outer Membrane(OM),Cytoplasmic Membrane(CM)
and Exocellular(Capsular)Material(CaP) extending outward
from the cell envelope; Bar represents 0.1p.
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v,,hich we.r:e not examined. ) The cel-l- envelope is appr"oximately l-OO nm

thick in which there are three separate layers: the inner cJ¡to-

plasmic membrane, the outer urembrane and between these, the

periplasmic space and peptidoglycan layer"

3:5:3 Demo4=stration of a Capsu]-Ërr layer

The use of rutheni-r¡-m red as a capsular staj:r during the

normal fixation procedures revealed the pt'esence of exocel-Lular

material, distributed randon'ùy along the outer membrane of H. Qgc-

rgyÀ (Figures J:J and 3:L)" This densel¡r str"¡red materj-al- is seen

cJ-urnped along the outer membrane i+ith occasiona.l- s'r,rands exLending

outr,¡ard from ihe ceII and often corrnecti:rs tï¡o ol. more cel-ls "

Ruthenium red staining demonstrated surface material on afi

sòrains mentioned in section 3¡5:I" Simifar exocellular ¡nateri-al_

ibo ihat seen in Figu.i-e 323 and J:{ could be detected after" staining

tr+o strai-ns (5lnz-tl and. 5L?39) r^rith A1cian Bl-ue (niguïe 3;5) " As

v¡ith ruthenium red, tlJ-ci-an Bfue shor¡ed a discontinuous layer of

exoceL-l-ul-ar materiaf .

Tn order" to -rinprove vi sual-ization of this exocel-]-u-l-ar

material, rabbit antisera against whole cel-l- H. du-creyi was used to

stabilize the material- on cells from colonies of H, cìucre.-¡i groÏu'n

on CA or irr biphasic media (zz3;31. Strai¡s l\75, CIP5Ì+2, 5h.z-LL and

5l+239 were al-l- tested by this technique. Figure J:6 demonstrates

the presence of a continuou-s exocell-ul-ar layer varying from 0.017

to 0"05¡ af'r,er stabil-ization ¡¡i'Lh antisera and reaction with

ruthenium red, The use of .Alci-an B]-ue as a stai¡ in this procedure



FIGURE 3:4

FIGURE 3:5

5B

Electron MÍcrograph of Thin Sectíoned H.ducreyi 35199
after Normal Fixation and Ruthenium Red Staining.
Arrow indicates exocellular material around and between
ce1ls; Bar reprsents 0.ip.
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Electron-Micrograph of Thin Sectioned H.ducreyi 5421
after Normal Fixation and Alcian Blue. Staining.
Discontínuous Capsular Material(Cap) extends outward
ce1l envelope; Bar represents 0.1p.
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FIGURE 3:6 Electron Micrograph of Thin Sectioned H.ducreyi 54211
after Antisera Stabilization of Capsular Material.
The preparation r¡as stained with Ruthenium Red.
Síng1e arror^r sho\^rs capsule and double arrovrs outline
cytoplasmic and outer membranes; Bar represents 0.1¡r.

'-$iiiq'

W

sufe



OU

al-so reveal-ed the presence of a conti¡iuous capsular layer as seen

l h Hi 
-11?ô 

4. /
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Fiøllre ?:B of H. inflUenZee BO?l - ¡ knor.m ^.norrl .*orr ^--^tL6taç )o _ _--_-_---_-_j:-: --¿-2 - -".--,,.1 CepSUlAUeU. Ofganlsm

stained by the same iechnique (r"uthenir:-rl recì staining ancì Br;rr"o t¡rpe

b antisera stabilization), rs inclucìed for cornparison to i,he H,

dqgfgg strains"
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):6;I Vi-:.ulence Testj¡g

H. Q:lcggru strains rvere found to differ i¡ their ability
produce l-esions in rabbitrs skin" Tabl_e 3zl+a shor,,¡s the deEree

virul-ence of the stra'ìns tested" iì.eference strains .AJJ, AT7 anc)

CIP5¿+2 were arrirulent bJ' the criteria stated" In contrast, aJJ_

ihe l,linnipeg st::ains tested were virulent"

l-ol1owing the intradermal injectlon of the br"oth suspensions

of H" drlcJ'eyi, an area. of sv¡ell-ing approximately the size of the

inocul-um bJ.eb was present. By 2Ja hours after injection of the

virul-ent organj-sms, an area of induration and erythema betlveen 1.0

to 2"O cm in diameter developed" Injections r'¡ith control broth,

avirul-ent and heat kill-ed organi-sms, produced a transitory redness

i^¡iÌ;h an ai'ea of raised induration not exceedi¡e 1.0 cm" The

sr^re]-li¡g produced by the broth control-s and heat kil-led organi-sms

usually disappeared r.¡ithin ?J+-h} honrs r¡rith no residual scars or

markings. The aviruJ-ent les-ìons remained pinkish for approximately

to

of

of
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FIGURE 3:7

FIGURE 3:8

Electron Mícrograph of rhin sectioned H.ducreyi 54239
after Antisera stabilization of caps,ttãr-t"tatãiiat.
The preparation was stained with Alcian B1ue.
Arrow indicates capsular material; Bar indicates 0. lp

w

Electron Micrograph of Thin Sectioned
after Antisera Stabilization.
The preparatíon was stained wíth
Arrow indicates capsular materÍal

H. influenzae 803 i

Ruthenium Red.
; Bar represents 0.1¡-r.
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72 hours, at rrhich time swellirg and indurat'ion had subsicled to

approxìmately 0"5 cm or l-ess (see Figr;re 3:9a) " This tesion

grad.ually l-ost its j:rduration and z.ai sed appearance over the next

four to seven days' At no trme was the skin broken or could pus be

obtai¡red from the lesion.

ConverselyraL LyB hours the vi:.u-Leni; l-esion was pustular" 'rrith

a distj¡rct, zone of erythema extendi¡g 0" 5 to I"0 cm beyond the

lesion. gy 7Z hours one coul-d detect evidence of tissue breakdor.m

in the centre of the papuJ-e, The breakdor¡rn and necrosis progressed

to a bl-acl< eschar by day 11 (see Figi.rre 3:9b). Pus coul-d. be

excisecì from the l-esion from {.8 hou.:rs urtif eight days post inocu_l-a-

ti-on, H" duc_rey-L i¡,¡as isolated from the pus of the virul_ent l-esion

up to 72 hours post i-nocuJ-ati on" Virulent l-es j-ons began to heal. by

l4 tc 20 days pos'r, inoculation r¡¡i-th healing complete by days 21 to

28. Scarì-ng was usually evident after healilg had taken place"

The effect of 1o916 dilutions of the inocul-um on the

expression of viru-l-ence by selected H. ducreyi strai¡ls is given il

Table 3:h-b. A diluti-on of more +t^^* ^*^ l^^ ;¿nan one logfo rn the j:rocul-um of

the lrliruripeg strains (71-18 and. J4239) :niriUited their expression of

virulence by Ì;he siated criteria. Às previously mentioned, reference

strains 477 and CIP5I+2 were aviru]-ent at al]- dilutions tested.

c " L " ¡ Ir-; ^r ^ì ^--- of f,he Bi onsi r+ri LeSiOnS) . v. /a- ¡uÈ UvJUts.y vL UrIç !-LUpùJ('Ll

The hist,ology of l-esions produ.ced by H" du-creyi 5h239 and It77

is il-l-ustrated. il Figr:res 3:l-Oa) to ct)" For a comparison, normaI

skjn ruas biopsiecl and is shol"m in Figure 3:l-Oe),
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Table 3:À.a

Virulence of_H. ducreyj- Strai:rs

Lf .r,,^-^^,.; e+-.^;n ¡Joór¡ó qqvMr UUtré¿

35Aoo

?Ãl aa
¿ /1/ /

7Bl_r_8

\),)11

5t+239

I\7 5

!\77

CTP J¡,2

H._ducrqvi Str¿i4

78118

5J+239

A t7t7
JAI I

c]-P Jtu2

m^l^l^ ?.rt^Ld,PLw ).ÆV

Effect of Losrn Dil-ution of the fnoculum on

H- rìltcrar¡i 9s Q-n-oc-inn ^f 
't¡irqlenge

¿¡ r v4v¡ v.y + e !¿\v¿ vvu4v¡: v: v

Virul-encel of InocuJ-um2

_t
Vl-ru-Lence-

+

+

ì-

-r

-L

1^/ ¡l¡rv¿V VIU to8 cpu to7 cnu
AlO" C-t'-U

-l- -L
'9,

T,T

- 9'

-9"

-l- -,9

II

- t-

- 2-

- t' - 9-

-2- -2-

- 9- '9'

*¡- -t-

aThe criieria for virulence i-rr the rabbÍt rnodel- r.ras as follol^¡s:
- by d.ay d postinoculation¡ jnduration measu.ri:rg 1! 0.5 cm which

progressed to an eschar by day J-1" (i.". vj-ru-lent: *; avi:rulen¿: -).

'Inocu-l-um '".¡as O"2O cc of a i,GIB suspension of viable organisms i-njeeted
into the shaved backs of test rabbits.

'¿

'CoJ-orry- Forming Units per nJ- o:î inocul-un"
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Iesions produccd by a virulent H, ducr.eyi straj¡ (51+2Jg)

shov¡ed. an acute in-fJ-ammai;ory reaction by day 2 (nigure 3;tO a & b)"

This j:rcl-uded an i¡rtense infíl-tration of po1¡r':noyphonucl_ear feuko-

cybes (ei'Olts) in-ro the superficial d.errnis i,¡ith eosi¡rophils as the

predonÙnate cell. The lov¡er cler¡ais and ¡nuscl-e t'issu.e also showed.

evid.ence of i:rflammation" By days L, to 6 after injection, an ulcer

lrcd darro]nnorl -.r'¡fþ Ì;he sur.face cìermal lavers shor,¡inrr iner.e¡serlÈt4rqvv llvr¿¿q¿ ¿qJvru r¡¡v¡r!¡6 ¿l¡vrvquvu

necrosis , In add.iti on¡ co] I agen f ib::es became necrotic and edema

and PI.I'I infil-tr"atior: r.¡as present in the l-oii-ei. muscl_e layers,

û: day I the de:'nris was iota]J-y destro¡rsfl lrith a concurrent

desuuction of the associatecl colJ-agen fib::es, Early fibrol:1as'i;ic

p.r:oliferatíon coul-d. also be seen at the base of the ulcer" Vascuh-

zaLíon of i;he mu-scl-e layer iuas eviden'r, by the presence of macro-

phages, Cilaì;ed capi-llaries and a shift to l-00ij eosinophil-ic Pl'jì{ts

in the j-nfifi;r'ate (Figure 3:1Oc). Fleali:rg had started by day l-l- l.¡ith

â eoÌ4rêsiloncl ilrø decrease in inflammation.

The l-esions producecÌ by an avirul-ent strain of H" ducreyi.

(1,77) by da¡' 2 also demonstrated i:rf1am'nation, but unl-ike that of

514.239, the i¡rflamnation i.¡as l-irni'ued to the dermis r.¡ith littl-e, if

any, i:r the cì.ee;oer nu.scle layers (Figure 3:10d). ii.lthough a dense

i.iefi].trate did develop i:r the derrnal Ia;'ers, the arnou¡rt of col-]-agen

d.egenerati-on and. the nunber of PÌÍ{?s r.rere greatl;r reduced from that

evident i:r thc 517.c-39 virulent ].esion. Ð ci.ay I to 11 Lhe it77

lesion appeared as a small focal- necrosis in ihe dernds but at no

tj¡re ',.¡as the surface layer brolcen" l{acrophages rrere al-so evident



in the lesion at this Ì;i-ne, together',rith a restricted a::ea of

chronic vascul-itis.

Port,ions of the biopsie<-l l-esions ...¡er.e also cu-l tuited. ìn an

¡**omn# *a i-^1 ^¿rr¡ H dtrni.,arri fqoo r:{:lì H ¡lrrn-¡ar¡i nnrr'lrì nn1Lc¡uuç¡¿rvu uu rùu-rc1 vv jjg qu-ure.yr \ruv ./-.).J_l o r¿o g.L!''-.uau,yl L;uuJ_Lr lluL,

be isolated fz'om any of the It77 bjopsied l-esions, In conirasi

II_. &g.W: v¡as isol-ated f::om the biopsies of Lhe 5l+?39 lesions up

to the si:lbh day post j:rocu.laiion; su-bsequ-ent cul_tr:::es r..rere nega-

ti¡¡e "

327 lgitial C-h-?raç.!eq'azatr-qn_of_@

Inii,ia'l rro:'k ';¡ith the H, ducr.eyi strains shoi.red 'r,hat a

compl-e:r paitern of .oreci-oit,in l-j:res could be d.emonstrated by boi;h

i:ununodiffusion and crossed j-mmurroelectrophoresis " Cel-l- sonicates

'r.íere ïur. agai.nsi i{.. du_creyi l.¡hole cel-l- antiser.iJn (see Figures 3:l*L

a&b and 3J2), and these r,rhol-e ce-l-l- antigens also reacted rrrealcly

i¡ith Burro H, j;1ÍJUqrye-ç. type b antisera. H. :.¡$=fuenz3e BOJÌ also

shoi'¡ed r',reak activity to H. ducrel¡i l,¡hole cell- antisera.

Protease treaì;ment and su.bsequent heati-ng of ihe H. du-cre¡öL

^-^+;-^- ^ ^+ l,rno^arru.'övrl.r drr -L\r\r'C for 15 rni:rutes removed aLL reactivii;y -o¡ith ihe

l{. dgqi"ey¿ i.¡hole cell and the H,_ in{l-lrenz+e type b Bur.ro antisera.

Heat treaiment alone reduced ì;he actj-vit¡r e¡ H" duc4e..fi antigens

'.rith ì;he -1" SDgLqZi i'¡hole cej-'l- an-bisera and destroyed al-l the

reaci;ivity uith Burro type b anti-sera (ttigui.es 3:11- a&b)"

Tb'pe b & ¡+fÀqgp.4a-e 8031 l-ost al-l- reaciiirity 'i;o H" du-cre..fi-



FIGURE 3:1la&b

70

Immunodiffusíon of Control, Enzyme and Heat Treated
H.ducreyí and H.influenzae l^lhole Ce11 Sonicates;
B(H.ínfluenzae type b, burro antisera) ,D(H. ducreyi l,ihole
Cel1, rabbit antisera).
I^ihole cell sonicates of H.influenzae(8031) and H.ducreyi
(54211,A75,35 199&CIpS+Z)-were eitfr"r unrrearedfCl, f-r";F
treated(I1) or protease-heat treated(p) and run against
B or D antisera.

P
54211

ffi
fi

t')c

FI

P
BOSt

uj
'.1ç
G+
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iD,.

c P_
BO3li
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FIGURE 3: 12 Crossed Immunoelectrophoresis of H.ducreyi 54217
I^Ihole Ce11 Sonicate(l^iSC). The I^/SC( i0u1) \,,/as run
in the firsË direction at 10 V/cm. for 30 mÍns. at 5oC.
The second dírection was run at 2Ylcm. for 16 hrs. at 5oC.
into agarose containÍng 10%(vo1.lvoL) H.ducreyi whole
cell antisera



q.)

l¡hole cell antr'sera after both Þrotease-heat treatment and heat

treatnent alone. Ho',.,'ever', iypc b ]1" !g[]gçgzaS- B03l- stil-l- shor¡ed

si:r"ong reactiv-ity ì;o ihe ho:lologous Bu.r'r"o type b antisera after'

both treatments (figure l:JJ-a),

fn an attempt to separate FI* duc::ey=L antigens, 1.0 mJ- of a

^^^ *^/^1 l--^+ - ' r , \ r ì¿vv !LE/ r,LL \'.ict,:rteight) '.'¡hol-e cel-l- sonicate of H" Qucg'eJtl 5lt2lL vas

^.^-'r;^r !^ ^ "^rharose {B cofuÐr1 jx 0.1 II t¡:is buffe:: pH f.0 anddl/lJJ¿uu. uu (1 JvI---

2"O nI fractions col-lec'i;ed. l'ihen these fractions l.¡ere l,ested.

agaj-nst I{, ducreJ,Ê iihole cel-l- antisera, tr.,'o groups of fractions

r¡j-th acÌ;ivii¡' ¿*"1ttsi the antisei:a could be cìemonsi;rated (nigr.rre

3zL3). Three further groups of fractions coniaining proieìn r"¡eye

negative, Inocul-ation of both the posii;ive and negative fractÍons

intracler"mally into the bacl< of a rabbit previously sensitizeci to

H" dl+clgË produced transitory redness after tr.ro days, i'lo differ-

ence cou-ld be C.etecì;ed. beti.¡een the fractions and only a r..'hole cel-l

sonica'r,e inoculaied i¡rtrad.enlalJy jn the sarûe mamr.er progressed to

a lesion r¡ith scab by cìay 2.

IÌ, r¡as felt that the reactivity oÍ thcse pooled samples iras

insufficient for Írrther analysi-s, so an a'i;ternpi to separate the

ar:tigens of -r,he uhole cell- soni cate by charge r,¡as i¡i-ti-ated. /r

DìtrAl Sephacie:<;\50 column in 0.1 ivi ì:r'is buJfer at pH 8"0 :n a

llaCl g::adient from 0 to 0,8 i. at pH 8"0 i,¡as used to sepaz'aì;e tl'ie

ii. cÌug::eyj- antigen e:rtracts irrio 80 fractions " Fractions 50 to 78

produ-ced precipiti:r peaks l.¡hcn tested by rochet eleci;::ophoresj-s

against E dqq¡1ry"f r¡hol-e cel-l- a.ntisez'a (figure 3ziJ), These
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f i.n nf-ì 
^-n 

q r.rôì.õ -.rnn'l aÄ i n* n - i .-¿¿qvu+v¿¿u ¡rv¿v .vvv+vv. u¡vv Ð.,* gtou,os and fz'eeze-driecì. Pooled

f::actions and. heat-treated poorecl fractions r.,Iere tested by rocket

electrophoresis as seen in Figure 3:L5" pooled fraciions tl.¡o to

fíve contaj:red heaì; stable antigens.

rnjection of the poored fractions three to si:: from the DE.A,T

450 column j::to rabbits as cl.escribed. (Zr j:2 bII), proclu.ced. active

antj-se:'a. These antisera were tested aga j:rst a va::iety of t{aç:Ic-

pb:-!¿9. species and H,- dgcrel¡i- strains by :'ocket electz'ophoresis.

Table 3:5 ill-ustrates the degree of cross-reactivj_ty betr.reen the

antj-sera and rrhol-e cett sonicates oí lIlemg#þg. species. /irl
-lr- /nr'--.^-'; ^-!--"^ -i.*: y.*-u-+ç.y.r ¡tr¿..,-i'r.s 

'eacted. 
sirrilarly ;;-"ame nu:nbe' of

precipiti:r peaks), varyi:rg only in the heighi; of ilre respective

li:res' The other Jesrypbjå¿g sÞecies showed. a ¡,edu.ced activity
/.(i.e' fet'¡er pealis), wüh the st:"ongesr cross-reactj-ons founcì rri'r,h

Il". ¿1_e_ur_.'ppneumonì-a, 4. pefe!:4Íþnzeg and H." aarfj¡¡t!:u¡r" Figi:re

3:1ó ill-ustrates a typical gel demonstrati¡g the reactivity of the

lleqllopþi.lr¿e. species and I1, @sru strai-ns i'¡ith antísera against

pooJ-ed" fraction four.



/a

FIGURE 3 : l5 Rocke t Electropliores is of DEAE Sephadex I'c¡ol ed ancl Hca t-Trcatecl
Pooled Fractions. Control(c) and Ileat-Treated(h) Poolcd Fractions
(lìracLions 1-6) wcrrc tcstccl agirinst 11.¿U.fCy1 Wlrolc CclÌ Antis;cra.
Gels contaÍned 102 antisera and tvere run at ZV/cm for 16 hrs.
Heat stable antigens are demonstrated in Fractions 2 through 5.

C. t.r$h,-$: Å

:

:,,c5ó
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FIGUIìE 3: l6 lìocket Ilecrropltoresis oI H.ducreyi strains and Haemophilus
spccíes run against Pooled Fraction Four Antisera.
Ten microlitres of the bacterial whole cell sonicates were
placed Ín the welÌs of a rocket electrophoresis ge1 containing
iOZ Fraction Four Antisera and run at Zylcm for 16 hrs.
wclls f rt¡ril [.cf t to Riglrt: ll._,!nl]!glä1" sLrains r-637,r-567,&3-545;
it.p_1Sgfg¡!9glg!f_g 0-l ; H. paraphrophilus 0-t ; H. rrg.qr"llgggggg
2-004; H.gql_þqer"m 1755i; H.ducreyi srrains A75, CIps4r, 6V
54239,54211, 78118, 4391, & 36_F_2.

! . t!ry._elgl,*g!_1g- H . para in f lueqza e, a ncl H . ga 11 inaru_! clemons tra t e
def inite cross-reactivity wítli the {._dgçfff Fraction Four antisera
(sec table 3:5), :rs lndicated by tlic ¡rrccipitant pci.rlcs.
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Discussion

À: I Introduci-i on

Tocìay, venereal disease remains a constant th::eat to the

heal-th ancì '..telfa.':e of manicind. ri]-though antrbiotics: c.ffective

in treati:rg the majo.'ity of venercal infeci;ions, r'¡ei.e i¡trod.uced

j:r the 1930ts and lp{'Qts these diseases are an irrcreasingly common

i:roblem" Chancroid is one such venereal dìsease and although its

i¡.ciocnce has p::esently decreased i-n develol:ed cowli:ries, the

':-;^^^^^ :^ ^ "--:ô-," i-¡i.ni¡lpi:t rn rrnrìc:"rìar¡a]nrrarl rï,ñrq aqrra¡irl'lr¡w-IÐuc1ùg ¿Ð d, l1l-dJvr :Jr vvrejrr rf q¡-.vJ q qJ véo, uùIJVL!d.JJJ

/ ". - rtlrc t:opi cal reg'ìoi1s (,'ji-ilco;r, L95L; iíerber et a], L969t oersonal-

contrru¡.ication r.,iì;h D::" Causse, W"H"O., L979). r\lihough research

on ihe causaiivc agent o:[ chancroj-cÌ, Has¡q_gp]¿_\ç- d.ul.cJcl'i, r"'as

ini''oiated in ihe l-ate -l-800?s¡ out' r::rder"standing of the aetio'logy

of this i¡fecti-on remai-ïLs incompl-ete"

Tho nnrni¡l ^--: ¿-- ^3 ¡L ^ ^.^ -rn-i qm? q o-nt.É.h 'nanrli rornan*-q hr qç/rI UJ UI Urt(, Ui ö*---"-. --. * çLl ur ç¡[Ç¡lUÐ ltd Ð ,

from the eaz'liest reports, hampez'ed attempts to characi;erize H,

¡lrr^-¡o-,j j- +h^ 'j ^'t^^"--+^--- fìrl-,^-a5f ¡¡6 fo'.; ì fl ---, nf l-i 
^,,^--^,,igS

rr qu¿:.yj: !¡ urrv ¿á uv¿ 4 uur '/ . rI¡sf wJ v¿ e, r vtt, .u d,l{y , va jlg !1gl;jy¿_

featu::cs ¿¡s r,,¡sll descr"ibed, In add.iiion, due to the comple::

mi clofl-ora associated r¡i-i;h ireniJ-e ul-cerations (Chapel et al, 197S)

confu-s-ì on over the na'uuïe of 'r,he isol.ates descri-bed as I{, du-cre-./i

(i';icolau €: Bancrou, L9262 lÌ,e¡mai:n, ì)h"0.'r,hesi-s, CopenÌragen¡ 1951)

.; ^ ,---^-.^l ^-+ +1.--^.,."l, ^,,+ - ^^+ 'l-;+r-s jri'evarenr. ltrrougnou! pasr rJ-leïatuTe"

ThereÍcre, tÌre present s'r,ücì.¡r has scught to lesol-ve sorne of
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Ì;he dj-sorientation generated by i:reviou-s siucl.ies. Thc ar.eas

exan:-inecì ì.rere: (f ) tne cel-L l.¡all_ uJ-i::asiructure of g* olqcryy-j-,

(Z) tne vi::ul-ence prot¡ei.',ies of l-1" d¡lçl.gy¿, (3) &_ _dg_c_aey¿rs

qonqiii¡r-if.r¡ *n Pn]-m.-i- /1.\ ^vÐt;rrÐrurv¿r,J uu i urJrrly:!-r.rre \4/ urtafacteltizatioi: of ]J" fu..CJ'eXå

antigcns end thej-r rel-ation to other. lh,q¡lopþ1]¡q species. This

r+ork has a'uì:empted io avoid an;r s.rir-sion surrou:rdi:rg the icì.entity

of tire organ-isrn by estab'lishi:rg a nuraber. of character'Ísi;ics of tire
H*. SllcrqÈ s'r,rai-lls u-sed,

l. "a Tlrn Trl^n*'ì*rz n.iî cl*¡--ìn- TT-^^ -i.. +l^; - c+..,i-.
L r .'- ëg_;|:L_Yj.r-5tl,:/__l/;| j¿,r, J-c_+lP _ -W_g!l_ -Li L_l,I.L.+!_jì.k]l.!).J.

the d.escripi;ion of IL dqæ¿+ has changed I ittl-e fror,r earr-.rr¡

accoullt,s. It is generally ::epori;ed that l._, d_uqrg:rt l.ras a smal_l_,

Gz"am-negative rocl (O,lrl x I"5 ¡.) iiii;h romd.ed ends, occu:rln8

si-rr.gl¡r anci. jrr shor.-b chairrs (Davis, IgO3t Saelhof, Lg?J). The

col-onies grorm. on media containi:g b'looci. r¡ere d.escribecl as smarr¡

grayish and. gJ-isteni-ng r¡ìth a sJ-j-ghi zone of hemo'lysi-s arowrd the

colony-" The organism grer.r besi on meclia contai:ri¡g blooC in

aerobic conciiti-ons at,37oC, The preseirt study confirrned tha.t 'uhese

characte::isti-cs r.re¡.e indeecì t;rpical of H"_ ÈuSreg.

Ho-;levet, siud-i es on the biochenical- and nu-triona-l charactei'-

istics of L dg-srgg are sparse and. often coniL:adicÌ;ory, Gre

e:çaunle is thc conÍlictj-ng reports ou t{* dqç_;lqyjrs fe¡mentati-on

of carbohydra't es. Ass j-s (tgZe) notecl the fer.mentation of sl_ucose

by H. d:lc_qçÉ, bu'r, l,eyr:rern (Lgl:.gA), :!jeJJ_o e-b al (tçSt) anc. Iü_ri_an
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{L976) irere urr.able io demonst:'ate the fer.mentation of any carbohy-

dr'¡ï,es lrr¡ ;-I- rìllr'.l.rlrri Tlr f.ho nrr.sonf. qf.rrrtrr Ì.ha m¡ ini"i *¡¡ nf cf ;.. 'Lrr c¡ uvÐ uJ jl:- :!*!iJtJ*" rLJ L'tlv tJa sÐsltrJ Ð uu-L.J Utle -."rJ _, -er __ _ _* ùl_ns

fermented arabinose e.nd gl-ucose, Krlianrs (ry26) i¡oz.k on the genus

I_e_949Ð!W- revealecl. 'i;hat all- -tLe¡pphfl.us. species fermenÌ;eci glucose

except 11" d.llcIglf" ïi, r,¡ouj-c1 seem that i;he fer.nentation of glucose

is a cornrnon characte::istic of Haemol:hi-l-us ancl. the i:rabit itr¡ oí

previ ou-s sÌ;udies to demonstrate -,,his feaiure i:r. ii. $gcryp r,uy

have been a Í'esu.l-',, of the tesi methocl. The method. usecì in this
cirrrl-' /,io.f-onn\ di¿l ¡n* -¡a^rri..a æ.¡ru.rì-rn ^f + lâ^ lr-Ð uu-\¿jl \rrr.l--.¿ur!i/ v ¿rr vr. v¿Ä v¿ ,,¡- -CCtGfia i:f Ofd.ef tO

e)íl?ïess theìr' capaci-ty to fer'¡rent gJ-ucose, lill of the other stu-cl.ies

har¡c uscd tests r¡hi ch requi-rec'ì. groi.ibh to iemonst::ate any ne'caboli c

activiiy" rn these cases a negative resul-t rnay have been rìu-e to

the i-nability of str,ains 'r,o grot.i i:r i;he mcdia.

:\nother area of confusron i s the r"ecr,rrìrernent of II" 5{uc¿e¿! f or

æ-,.nr.rF1r 'î^ ^+ ^-..^ð:v!/url r-cruuLJ.'lj. Sevei'al studies (Sander.son, I)L1,O; Beeson, Lgf4.6t

iìc¡rmanr-r, I95L; AjeJ I o et al, f956) failed to cle*onstr"ate a henin

-¡a¡rr'ì ?.ôrnã.ñ+ af *ha-i ¡ LT ¡rrr^i^a-'i strai ns , In contrast " Lr.¡offl& Y4vr Y,y.¿ r v¿ o¿llÐ ô !¿ Uvll

anc Firosky (L937) and Har.rûond et al- (t9ZBb) demonst::atecr. li-, d.rrcqeÉ-ss

need, fo:: elíogenous hen'¡:r (T factor) :n the gl:o',.rbh meilia. The l_ack

of some of the enzJr,.tres j:rvolved i:r the hem-in biosynthesis pathwa¡rs

accoutts fo:: the dependence of sone _!a-cmoÉi*ff-ts. for exogenous ,{

factor" The po::phyrin test enables one io demonstrai;e the rrresence

of -Uhese enz-J/rîes i,r bactcria (t',il_ian, i_g|t), i'il_ian (fg]ó) ancl

i'la¡¡nond e'r, al (:-yZgu) both demonst::ated. a negative porphyrin test

for sorile of i;hc llr. fuqçru s'L:ains exar¿i¡ed in this study, The
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pl'esent',¡orli has confiz'irrcd that tl. egç.:çru reo'uires exogenous herni:r

in order to groir o¡r artiíi cial- nedia and 6i ves a negative porphy;:'in

* ac*

Ðiscrepancies al-so e:<ist ilith regar.d to the pr.esencc of

o;:idase i:r tl" ÊWfeJ:i., iíil.ian (!976) and IJarûnond et aI (LgTSc)

i:oth repolieC that i,hei:: sty.ai¡rs rre:.e c;lidase negative. In cont::ast,

ihi-s stud;', using the ,4.PI-208 o::i-dase test, fonrrd al-l- H* duclc-.,¡i

strains o;<id.ase positive" Sone of the straj:rs used i:r this studv

r¡ere also pr"eseirt -in I'riliants (lç26) and. Ià¡moncl ei: ails (fç79")

s'r,ucì¡r and. the C,ifference in ::esul-ts coul-cl be du-e to the var"iation

j-n tes'r, nethods. The methods used. io test for a specijic charac-

tcristic of I. Èqq¿eÆ obv'jously have a sign-ificant inffuence on

tire resul-t obse:.ved.. One il-J-u-straiion of ihe irapo::tance of

rnethodo'logy is shor.¡n i-n niirate reduction. Usi-ng the API-20Jì

iesi for nitrate reduction the majority of our H¿ ùlqre.T"r strains

-,rere regâtive (see Tabl-e 322)" Fior.rever', subseo¡len-t work in ou¡

l-aboiaÌ,ory usi-ng ihe method employecr. by liilian (l-.9'/6) (Ccniair 8r

Steel, L965) sho¡,,red thai al-l- these sì;rains red.u-ced nii;raie,

Su¡marizj¡rg the biochemical- cha.racteris'¿ics of the I{" ducreyi

straj-ies used. in this sturj.y one can concl-ude that they aJJ- confo::ni to

i:he fea-r,ures att¡ibu-ted. to rnembe.cs of i;he geruls Haepo,rrhili¡i;. (lül ian,
r 

^-/\1976), .,ilÌ;hou-gh iher"e is some disc::epancy, even atÌront tests cìone

on the same st.¡:ai:rs, the differences nay onJ;r refJ-ect va::iatíons

i¡r -r,estri:g taethods. :Lt 'i s appareni tirat i.¡orlc on the biochellicaf

and nu-triti-ona,- featur"es of {. du.cz.gI}, usi:rg a large:: nr:¡nber. of



strans is si;ill- requ.ired " il-rtw'e sÌ:ud.ies nuy con',,ribute ncr¡

tesì;s anC. cha::acie::istics r'¡hich will- enabl-e a mo::e i:recise idenbi-

ficai;ion of Il. Si:tq¡'qvl strains.

tl.. ) _w_iu*-*PlÉ-uL;-uY_4 \z

P'i l-i have been pro'oosed. as a si;rucir¿re involved i-n the

transfer of chr.omosonal or. plasnrid Di',iti d-uring conjugati on (Ottor.r , L975) "

The nega-ui-vcl-y si;aj-ned el-ectron nric:'og.r:aph, Figure J:JJ-a) demon-

straies piti i:: It" -qqþ YlO, an orgairism rthich con'i;ains a conjugable

jì irl¡s¡rirl - The ^Li"t-ì+., +^ +-^*^.í,êi. nl¡sr¡ifi Dl\T,i h.¡ coi.il:o¡tion h.¿gI lJ¿qrf!r!\.i ô Ir¿v @ v¿J-IUJ uv ur q¡¡È: vJ ¿uf,qJr:4-Lr uLl¿L rJJ VvlrL, v-óq u_Lv¡r ¡l

also been sÌlo'.'..n Íor i{._ ÈrlcJ'"¿r_ (;oe.,-'soi:al corrun¡ri-ca-bion, J-, i;lclean,

a978). hloitever, no e;-ltracellufar a;opendages, su-ch as pì'li, cou].d.

be seen j-n the negati.reþ stained el ect::on n-ì-crographs of H, äuçIe¡Ê

f ¡. 
^ 

rr \(Figure 3:l-b). This l-acl; of e::bracelluf-ar appendages Lright be

e:r;oected, since i¡ ì;he avaj-l-able lite:'a'r,u.:re 1rili o:' oiher" appendages

have never been :cepo::ted in tire genu-s l.l- elnqpbiJJls-. /it thi-s time,

the rnocie of DitrA t::ansfer d-r-r:':r-ng conjugation by Hagqç:Zþi1ju.s. species

is uil.noim.

In ano'r,her alrea of u1'u::astructural research" the Ínformation

on the cel-l- r.rall- of H" Êgql"qg is ambi-guous, ;Iithough originalJ-y

dcscrìbed. by Ducrey (1S89) as a Gram-iregativc organisn, o'r,her

f=". r ^^ /\ínvestigators (iJi 
"or-uu- 

E: Bancrou, L926) f or¡rd. thci¡: H, -{uqrcIi

strains J:ecanrc Gran:-posü;ive af'uer a number of subcuJ-luültes" lissis
f a 

^^ 
/ \ 

^11-926) fou:rd. ihat -r,he Gram-r'eaction'".¡as depend.ent on the nethod usecì
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f o-" 'ltit-inr the sllar.irron :nrJ lo¡¡rn"-n loh n *h^ci c ñn^^-l¡^-^*u¡lvv!:¡u1¿ q¿¡q rLvs,j:qtlr \_¡¡úuø UrrçÈJÈ, UUJt:LJJloöU]_L,

L95I) formcì al-l- his s-b:ains consistentþ Grara-negative. The

rreriation in i,hc i."elloris on -r,he Gralit-::eacii-on nigÌrt have been

e;:lrl-aj-ired -..¡hen Deacon e't, af (fg5¿:.) r,eportecÌ. on a Gi.arn-;oositive,

rron:¡r¡f,horren-i n- ^-'^^+l' - l^^-^ ^-" H- rìrler-n¡ri ïJn¡.¡e:¡e-=" qrr?r<a^rron*¡¡vr¿-¡rcvrrv¡3et¿¿u, Ðl:lvvUtl l"/!¿dÞtt U_L :l_ê_ :Lr_{9_*_9&!" tlut'/çvçr, ÐLtUÞsí-l r¿ç;tLU

r,¡oil; bY i;hese au-thoïs (Deacon et a-l-¡ fg56) reveaied that, they had

or'igi:ra 1Jy'oe en'.'¡orlcing irith lgÆgqb j_qtg.{:V4 åÉq s.,

The stru.ctu¡e of the cel_l- ',.¡all_ seen u:rder ihe electron

r¡j-c:roscol:e has reveal-ed the physical- structures upon i^rhi-ch -i;he

d-ecj-si-on bet'r.¡een Gran-negative ancl Gran-positive bacte::ia ''is ba.sed

f fln=ia:'*n- ro':o) " ltre Gram-iregativc cel-l- irall, seen in clîoss-

section by electi:on mlcroscojlJ/r consists basicaJJ_y of an j:rner

c;rùoo'lasni-c nembrairee ân ou're:. nienb¡,ane and bei;ween'i,hese 'Lr.¡o men-

llr'¡ni=s - f.ìro nori."rl ¡smi n qiìâ r¡ê ¡nrì no-n*.i Ânc¡l -¡¡cn I ¡¡¡a-n T¡ nn¡í-¡^ ^*rìl¿c{u¡:*v u rJq vv qr¿u pefr urqvõ¿J vrl¿r Jdj.vf o _41 uu.lIUI dÞ u9

the Gran:posit'i-ve cell- i'¡all l-acks the ouie.r: menbï"ane and u-sualli¡

has a tiricl;er peptiCoglycan l-ayer (Cos'r,crton ei; a-1, IgTtú Costerton,
-¡ o,70 \

.\l-1 H.. Êric:g¿ straj:rs e:lanined jrr this study by electron

ni*icroscopy, contaj:red. the iriparti'i;e outer memb::ane characteristic

of -i;he G-z'ai:r-negative cel-l- r¡al-J-" These r.esu.1_',,s, u-sing straj¡is

ltrerriot¡s"lr¡ rìnsni"ìL^/ì l^-, Ta-ì-ì-i^.^ (1ar|A\ sn.l -¡anarrf .iirr"ìrr^n ì-^'l^+rJruvrvqo¿J Lteùur-LUetl UJ/ l\-Ll-La-(l \*ttu! qirq rvvvr¡u iJJJlllarJeß l-SOJaEgS,

conf-ìrn tire cl-assification of il" qucggn as a Grarn-negative organism.

The el-ecirron nü-croscorric studies of Cazar::e and Bar::etio

(l-971r), ovcìr::uil;ov ei af (fgZó) ancr iiarch e'r, er (fg7S) afso

characte::iz-e P,- 9gcæ¿+ as Gram-negai;-ìve. Hol+eve::, uJrli-1ce líi.lran



B5

and Theil-aders (!975) study, these reports failed to describe any

bioche¡ri-cal or nui;r'itionaf features of their isolates. I(il-ian ancl

TheiladeEs cletail-ed stu.dy (1975) of Reymannes H, ducreyi str"ains

afso revealed that they had been incorrectly icentified as H.

ducreyi" Âlthoqgh Re¡rmann?s straj:rs appeared Gram-negative b¡r

Iight microscopy, Kilian (l-gZe) excl-uded them from the genus

Haemophil-ue, as under el-ectron microscopy they shor,,¡ed a Gram-posi-

tive cel-l r,raff. fn addition, the Rey:narm strains d.id not possess

the nutritional and biochemical features of Haegqphilus..

Recent advances j:r electron nricroscopl¡ iavotv_ing the

cationic dyes ruthenium red and. Alcian Blue, have enabl_ed the

visual-ization of capsular laye::s in a variety of bacter"ia (Jones

et aJ-, 1969; Springer'& Roth, f%3; Cassone & Garaci, Lg7T3

ltackie et aI, 1979). /rl-cian Bl-ue ancl ru.theniu¡r red appear efectron-

dense i:r electron nlcrographs because of their reaction ivith poty-

anionic substances, and the subsequent cataly'r,ic red.uct-ìon of 0s04

to a lorver insoluabl-e oxide (Cagle, fg7Ð. It has been suggested

that ruthenir.r¡n red-positive material- most likely represents acidic

mucopclysaccharide (ú'üoo et aL, L979). Cherúcal- analysis of the

ruthenium red-positive capsuJ-ar material of H. i_nfl-uenzae type b

(Rodriques et al, L97L) and Baçteroides fraeilis (Kasper', 19T6)

supports this su-ggestion. The ru-thenium red and lrl_cian Bl-ue

staj:red exocellul-ar material seen jx H. ducrevr is, ther.efore,

probably a polyanionic polymer composed of acidic muco;oolysaccharid.e,

Obse:'vation of capsules by electron n'úcroscopy can be
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facil-itated by stabilizj:rg the capsular maierial- prior to enrbedding

(Sprfuger & Roth, L97Ð, In pas-i; s-i;ucìies, aniisera to capsuJ_ar

aniigens has been one of the most effective nethoas employed to

confer stability on bacterial- cell- surface components (Baker &

Loosli, 1966; Ðoern & Buclc'nire, L976). The application of anti-
body appears to prevent the col-l-apse of ihe capsu]-ar fibril-s oìuring

dehydration (Birdsel-l- eÌ; aL, L975! Bayer & Thurrov¡, Lg|n. It rs

suggested that the stabilizati-on of capsular material- results from

cross-l-j-nki-rrg between the capsu-lar polysaccharid,e molecules pro-

dllnino .â môr.ê z"i oid q*rrr¡t:r-¡oTUJUVvl4Vó

In the present study a conti:ruou-s exocel_l_ul_ar la¡rç¡ (capsul_e)

in H" ducrey-L has been demonstrated by treating ceJ_ls v,rith ani;iser.a

prior io fixa'Lion and ernbedding. This capsu].ar layer was present

in all- of the strains examj-necì, whi-ch incl-uded both reference and

i,Iiruripeg isolates of L_ ducre.''/i. Kil_ian and Theil_aAe (Ig7j) naO

previously exanined one of these reference strai¡rs (ClpSlrZ_) Ay

electron microscopy" The staining and fixation methods employed

by these r',¡orlçers r,r¡oul-d not reveal any exocellul-ar material after

embedding" This coul-d explain the apparent absence of a capsular

layer i¡ their el-ectron micrographs of H" ducreyi.

The l"¡et-India j¡rl< method has previ_ous1y been a stancla::d

means of defj:ii-ng large bacterial capsules, su_ch as those of

pneumococci (Duguid, 1951-), Ho-,¡ever, this technique is noi effec-

t-ive for demonstra-r,ing smal-Ier capsules of surÍace layers associaied

with bacteria, i'iost organisms, r.¡hether encapsulated or not, appear
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to have a refractile hal-o betv¡een the cell- outlirre and the rndia

i-nk particfes, capsules less than o"25¡t in rvidth are not reacìifv

demonstrated by th-ìs ¿""¡nique ancl are often indistinguishable

from the refractil-e halo, The application of this method on H.

Q_u-cneva did not reveal the presence of any capsular layers, If
the capsular layer in H. ducrel¡-l, as shoi,¡n by electron mj-croscopys

represents a cl-ose approxj.matj-on of the naturar capsule, one woul_d

not ex¡:ect the i¡et-India jnk method to demonstrate it.

Exocel_lul-ar layers (capsules) have been demonstrated in

other

ì o?,. "L/ lL+t

^ + ..,t --ù t, LL\-lJ

lÌAçmophil-us species. (Robi:rson et aI, Lg72; jfuchanan & Gibbons,

Buckrnire, f976). H" r4{fgenaa-q type b i.;as i_ncl_uded j-n this

as an exampls of a l¡aor.rn capsulated organism (Figr,1.e 3:B).

The i-:nporiance of capsules on the i¡teraction of an organism

rvj-th its environment has been r.¡ell- documented (LuderiLz et, ar,

L968; Cheng et aJ-, L9?7t Snrith, L977t i,iackie et at, tg|Ð" Capsutes

can i-nfl-uence the ability of an organism to attach to surfaces and

its resistance to phagocytosis and antjmicrobial- agents. capsules

are al-so ì.rnportant il preventj-ng the reaction of complement and

specific antibodies i^¡ith antigens l-ocated beneath the capsule

f a ¡(Schvrarzmann & Bor"irg, 1971). It -is because of these properties

ihat the viru.l-ence of an oi'ganism has often been associated ¡,rith

the presence of a capsurar layer (reiay et al, 1960; onder.cionlt et

aL, L977), In the present study, both virulent (ll:ruripeg) and

aviru-l-ent (refe.,:ence) straJ-ns of Il, dgglgyr aproear to possess

capsular layers" This i'¡ouJ-d suggest that virulence, as measured
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in l,he rabbii, is not associateol r¡ith the presence of a capsuJar

ia¡'s¡" Hoi^¡ever, 'r,he virul-ence of H, gug_rey: coul-cl be associated.

¡.¡-i*h *ho +rrìr^ ^- ^ìrân+-i *r¡ nf ^..ncrr'l¡-n n-*^..-i^-t ^ - ^^^-,.t^ìì..:+-- .^^vJrLlIr ulre u.vpe of' qua¿juJuy o ' gapuq¿q¿ ¡:rq vvr rqrg q lruÐÐ¿ufrruy rrut

exarcined i:r this si,udy"

Lr:4 Virui-ence

The production of lesions in man or animar-s, has been used

fr"om earriest reports as a cz.iter.ia for virul-ence iå iJ" ducreyi"

rt is apparent from these studies that manr¡ of the failures in
demonsirating thrs property r.¡ere due to improper technique. As

e:{emplified b¡' Ireiner and i'iortar-a (1945) only intradcrmal injec*

tions of viabl-e H.- dregsE wouf-d prodr-rce a response. Hovrever,

even r'¡i'r,h intraderrua'l i:rjecti ons some H.. Êgs¡çy¿ strairrs r.¡ere

avi-ru1ent. Bo'bh Greenblatt et at (tgtl) anci Feiner and l.rortara

(lQl,tr,\ -.o^^-*o^ +h^+ nn --^n^^t^.\+/+// rvvv¿vvv. u¡¡qu v!¡ !ç¡,vdroJ transfer their stock strains

became avirul-ent i-n the hunian ancl. rabbit nodel-s respectively.

In the irresent study the viru-l ence of receni,ly isofated

líirr:eipeg strains of ]l* -4-u_çÆJ¿ could be demonsi:rated, but refer.ence

str-ains i,¡ere avir"ulent. It is assumed that ccnti¡ued subcul-turi¡rE

of the reference I{, dgç¿çg s't,r"ai¡s produced organisns that r,"¡ere

avi::ulent " It has been reported. i:: work ot-r ¡slsÞçri{ ægsÃ'h_ogÂe_

f r, 11 1^/,i\(KeJ_J.ogg ei e t t ]968) and H. lgil*|_e3gs-9. type b (Doern & Buclc"nire,

1976) that aviru]-ent forms arise after i:r vitro subcul-iur.i¡rs.

The virul-ence of the lfinnipeg isolates confi:'rns the 1.,¡ork of Harnmond,
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et aJ- (iç7Sc). Subsequent i.¡o¡'k in 'r,his l-aboratory has denonstrated

ihe virul-ence property in these H, lucggg strains r¡as consisì;ent

even after they had heen subcul-tured more than 200 times.

In the ani¡¡al mode'l the dose dependent efÍect on the :.esults

of the vi-ru]-ence test had been shor.,'n previously (Greenbl-att eÌ; al,

Lgl+3; Fej:r.er & I,fortai:a , L9lv5) . Dilutions of the test inocu-l-um
ñ

f - ^ | / - \greater than l-:100 (l-0' cellsr/ml) produced a sj:tilar result in thc

present stuoly.

Àli;hough this study could not correlate the virul-ence of H"

fuæy¿ r¡ith thc presence of a capsuì-ar }a.yer, vi:'ulence n'ay be

associated with another proper"ty, l{s seen -in Tabl-e 3z3s Lhe

aviru.l-ent reference strai-ns (Ctp5tZ and i\75) were sensitive to
f . ^ / -\pol¡¡ny:ri.n (i"e, Ì,lIC aI"O ¡tg/nl-), rrhereas the viru]-ent lJinnipeg

isol-ates r.¡ere res-ìsiant (i.e. tlC >-I?-8)rg/rù). These results are

in agreement r.¡ith the previous fj¡dings of Hammond ei al- (fçZS") 
"

Pol¡myxin exerts its action by alterirtg bacterial membrane structure

irr an analogou-s fashion to simpl s cationic detergents (Sì;orm et al ¡

197S). Teuber and co-r.¡o:"lcers (t.ettei' eì; al, f977) have suggested

that the ability to resist the action of ;ooJ-ynryxi:r is dependenì:

on the type of negativel-¡' charged lipids in the membranes of Gram-

negative bacteria. It has al-so been demonstrated that the composi--

tion of mernbrane lipids, especially the nature of i;he lipopolysac-

charide (l,pS) of ihe ou-ter membrane, can i¡ffuence ihe virul-ence

f... 1^H/ \ ..of an orîgan,:sm (iiiseman & Caird, LgTq lireutzer et al, 1978), '.iork

i'¡ith H. jnfl,]renz.ae suggests that its l,PS may al-so i:rfluence thc type
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of irrfection causcd by the oi.ganism (Flesher & Inset¡ l:g78),

One can, iherefore, postulate tha'i; the vi_rul_ence propertics

nf Ll drr^-¡ar¡i ^nrrl ri ha r ni"nnorf,¡¡ of i i-,s memh.nåne _li ÐiCÌS " ffhi Ch\/* j:a :::y*_:,lj: vv q pr vìJvr uJ vf ¿ uÈ i¡rsllpr cl

in tu::ir nright r.eflect i-ts z'esj-stance 'i;o pol¡,nny:<in, Hor,rever, onl_)/

subsequent r.¡ork on the natu.re of H, ducrgÉ-es lipiCs in both the

viru-l-ent and aviru-l-ent straj¡s i;j-11- answer thi-s questioït.

The his'i;olog¡ 6¡ ihe viru-l-ent l-esion irr rabbits coincicj.es

wel-l- i.¡ith past reports on human l-esions (Fund et a], 1938; shelcion

& Heyman, L9Lï6), l'rr i:rter.esi;ing observatior: of the present stud¡r,

'.+as rha'r, thc avirul-ent organism ltrocÌu-ced a tissue responsee

although littl-c supe::ficial change r.¡as evident" The difference

beil'¡een the tissue response to the virul-ent anci aviru-l-ent organi sm

T¿Íâq ^'nê ô.Í] dôrì-ee" BOì;h gip¿j11g nil IT drrnrar¡i 'ffOCìUCed an jfiflam-
"-"-:2:ja-v'y41.

matory reaction bu.t because of the more acu-te resÞonse to the

f¡i flll enÌ. oi.o¡ni s- errna¡roì ^i."1 *.i qqrro -j ¡r¡a-nq r.¡aro rìac*-¡nrzarlVJI t4V1¡V VJ6qI¿IÐ¡IT' Ðq}JV¿I¿U¿dI UIJJq9 AqJ9JÐ !'JçIV UVÐUIVJUU

resuJ-iing i¡ necrosis and the formation of the bl_ack eschar"

The observafion that vj-r.ul-ent H. ducreyi rernained viable in

the lesion up to si-x days Ìrosi; i¡rocuJ-ati-on is also importan|" The

inc:"eased abj-l-i-ty to survive i,,ri-thi-n the host j:rd.icaies the more

vi::ul-en-t nature of these strai:rs" fn contrast, at no tj::re after

the inocul-ation was the avirulent orsanism recoverable from either

'r,he pus o:: the lesion itself ,

Ì':5 ,'tlrf,i qeni e. ,1n:1.¡si s

Previou.s 1r'ork on the antigenic analysis of TJ drrnpprri hrdv. vrv¿ v,/ + ¿¿qq



qt

shoin'l Ì,hat an antibody responsc to the organisn iias procluced in

chancroid patj-enis and cou.ld be induced in some exi:erjmental_

ani¡al-s. Com;olernent fj:ation (GaJJía, IgIT; Ileynrann, l-950a),

agglutj-ne.t,ion (Teagu-e er Diebe::t¡ L922t Saelflof, I92lú lì.e}'mairn¡

1950a), precipitaiion (Re¡.'n',ar"rr, 1950a) and jrrtraclermal sld:r tests

(Greenblatt 3: Sandez'son, f93Bb; Dienst¡ f9/r8; Iiaplanetal, L956b)

a-l'l empfoyed r,rho'le cel-l-s of H. dtæle¿l as antigen and i:r some of

these si;udíes the auioagglutination of H. duc{S:yi i:r sal.ine

suspensions gave confusi-ng results, In acld.ition, most of the pasÌ;

stud'ies did. not attempt io anafyze ever-1. the sirnple antigenic st:ruc-

ture of i,heir-.' I{" ggcgg.r strains. Ilai;anabe (L939) had initia'r,ed

stu-clies on the cha::acte.ristics of li. duc{el¡i aniigens by usi:rg

soiricai;ed rthol-e cclls as antigen j-n an i¡tr"aciermaf skin test.

iitatanabe '.vas able to dernonstrate ï;hat the antigenicrty of H-. Èqgreyi

',¡as reduceC. by heat treatnent, ilcreased by alkali treatment and

trnaffenfrerì h¡r fr"cczinc or eni ¡] f,featment,

The present study has avoid,ed i,he problem of autoagglutina-

iion b¡' usi-ng rvhole cell sonicates in ge]- di-ffusion anal-ysis, The

current r'¡orl< shor+s 'i;hat an ani;ibocly r:es.oonse to antigens of H.

cìuc_r.ey-i can be irroduced j:t z'abbi'us, In add j-tion, a comple-x

pa'r,tern of antigens couf-cl be demons'r,r'ated by imnrlnodi-fíusion and.

j-ramuroel-ectrophoresis (Figures J:11 ancì. )zIù i.¡-hen cell sonicates

T",rere rui'l against antise::a io ',,¡hole cel-fs of H" dqcr-çyi.

The nronilrìi,in ¡¡:f.f.ci.n 11¡ndrr^orì Ì..' -'l I TJ flrrn¡p¡¡i qi.rr-inq¿¡¡v rrrvv¿r-*-_- -. r-_uv.quvLt pJ da¿ ¡ro u!¿ul 9.y¿ ÐuIdllÐ

'l-.osJ-.o| lT'I : I I I 111ìrâi1ê *n l.^ o;mi I rr qrror¡aqf.-ì ra- +h-+ +h^uço usv. \1, - .JJ/l dpjJUOr Ð UU U(t Ð!lAJ-qJ- 9 J qó5ç9 vltó tJjlcl t/ (Jllv
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col-l-ection of siraj-ns l,¡as relativel¡' honogeræou* This agr.ees l^¡iilr

'r,ìre past obse::r¡aiìons oÍ Tcagu-e anC Di_ebert (l-gZZ), Sae]Jroi (I92+),

G::eenbl-ati; and Sande::son (1938b) and Den¡'s et al (fçZS).

Às demonstratecl by i,rai;ana¡e (fç:g), heat stabl_e (lOOOC, t5
,";- \ ^. +.ì^^-^ ,!!tttrèl ¿¡1¡rgeos ruere deteci;ed i:r the pz'esen't, study. ËIor.iever, the

majority of the Il* ou.cz'eJr-L antigens ruerc heai labi.l-e and al-l- of
+1,"^^^ ^*+-; -^*^ --^--^ ---^+^^^^ L^^! r -l^ir - rr],jlese aruageïLs i.¡e::e protease-heat l-abil-e" Heat treatmeirt (l_oo"c,

30 n-in") of iJ. in{l-ugnzjìç_ strains has been shor¡¡n -r,o recluce the

number of ani;ìgens ';¡hich can be demonstrated (clarke, Lg77t

Êr.rne'i"nrq ¡ OryO\ iì-¡r-¡afn-¡c 1'l r--^rrlqr¡urvao2 t7¡7)" rrl'anerors \LJ'/9) staied that on_ly'i:he caì¡sular

a¡rd. c anti3ens of ä"_ _:r¡f_l-ggnzqe produced preci-lritates aÍter heal

treaimeni and i;hese antigens r.,iere consid.e.r:ed heat stabfe. The

p::cseni study demonstrates thaì; 'uhc capsular antigcns of I{_".

-+Éìl--uçg?gg type b ¡';ere z'esistani -uo heat and. proi;ease treatrnent,
rlìJro rrn--'i.}li'li+-' ovjc*< J-l¡arafn;.o +h^+ +h^ ìr^^+ -+^1^-t^ ^,-+;^^.^-llle ÐOSSI-01--LrEy t v¿LvLu¿vrç, urrdtJ L,frç rructt/ ouourç orrurgvrrS Of

llr- -4gg{eva are eiiher ca.osuJ-ar or 0 antigens. Hoi'¡ever, the abi}ity
of proi;ease heat t:"eat¡nent to destroy H" d.u-ç;:çn?s antígenic

actir¡ity suggesì;s that i;he antigenic moietíes ii 0."t"*onants are

protein in nature" The exact l-ocatÍon and. cheraical nature of 'r,hese

heat si;able and protease-heat l-abile antigens has to be cie'uerni:red,

1\d.diti onal- examj-naticn of IL .+gf_þ=e¡Zag t;rpe b soni cai;es bJ"

gel d.iffusion suggesicd thaÌ; 't irj-s organisn sha¡.ed cor¡mon anbigens

riíth H._ Èç,q:ç,y;¡, Hor.rever, it is assumed that these antigens are

not heat stable si¡l.ce heat i.r.ea',,men-i; of eiì;he:: I{" infl-uenl.ae or

-H" dg:çXf antigen pz'eparations ::esuJ-ted in the Loss of cz.oss-
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Teactivity i\iith sera atainst the other organisn. The cross-r'eactivii;¡r

of H. ducreyi r.¡i-th other Haemophilgs species r'¡as further denonstrai;ed

by rocket electrophoresis (ligure 3:l.6)" H, par.ainll-uenzae, H.

pl-eur"opneurnonia anC H. Êal-Litarum cross-í'eaci;ed wii;h grou-ps three

through si:r of the pooled fraction antisera, iuhile H" rniluenzgg-

and H. paraÞhrophilus strains reacted r,rith groups four and five.

Cross-r'eactivity of capsu-lar and noncapsu-lar antigens among

Haemophilus species and sirai-ns has been previously reported.
/¡ 

^an\Branefors 1L979) shor.¡ed by gel diffusion thai; H" i{rfl-uenzae, H"

garainfl-uenzae and H" haemoelgbirropllifus shared corTfnon antigens.

- /- ^-¡\Denys et aI (1978) al-so stated there l¡rås cross-reactivity betr,reen

H. j¡fl-uenzae, H" garainfluenzae and H1 parahaemolyticus rvith sera

directed against H" ducrel¡i. These reports and the results of the

¡rrr-¿anf. qf.rrrìr¡ oq'l-^1"''l i -h ^- -n4 i nenì a ro'l ¡ì-.i nnehi -ñ rñ^hñ +h^ê^vu-Jr vrrv o uqqJ eo þdul¿Ðr¿ dll dI¿uJ6- *P C1llrvrl6 u¡lgÐç

Haemophilus species and further supports the íncl-usion of H"

du-creyi j¡ this genus, The characierization, both chenical- and

structural, of the antigens that are common among H. ducreyi- and

other Haemophilus species is a r,,¡orthi.rhile goal of future investiga-

tion.

This study has also demonstrated that the antigens cf tlr-

rrrrn¡ar¡i (,n^o+ .+able and heai labife) can be separated by colurnn:1ja--*i= \¿¿vqv ev

chromatography (ligure 3;Lt+). The ability to separate these antigens

cou-l-d be useful- in deterr¿in:ng -vrhether there are serotypes among

various strains of H. ducreyi. Although H. ducrel.i appears serofo-

gicall-y homogenous, oiher Hqslnophil-us species have demonstratecì up
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to sjx serotypes (Al exancler et al, l96t). Estabfishing strain,
species and genus speciÍi c antigens woul_ci enabl_e more compÌete

epidemiolo8i caf studies " In additi on¡ deter.nd:rjlg the distribution
of antibodies among i;he general populai;ion that are either specific
for, or cross-react i.rith H, ducreyi ani;igens, would be usefuJ_ in
diagnosing chancroid via serologicar tests. rf antigens can be

found which are specific for H. ducreyie preparation of a fl-uores-

cent l-abel-led antisera of high activi_ty is a reasonable objective

for further stud,ies" The produ-ction of such flu-orescent l-abel_l-eci

antisera agai¡st a speci-fìc H, ducreyi antigen r"roul-d provicìe a

Val-Uabl-e aid j:r f.he diaonnqi o ^f chancroid. i¡feCtions.



gq

Ã.t Slrmmrr"rr.:

The main f eatures of i;he thesis are sumïlarized as f ol I olr¡s :

1" Haemophilus d:¿qryJ¿ strains from a vecent outbreak of chancroid

in !'liruripeg and reference strains r^¡ere l-i¡r-ited to growth on sol id

media containing hendn" Grov¡th coul,d not be demonstrated i:r

broth cultures using various mecì.ia, r,rith and l.¿j-thout added. heni:r"

2" colonies of H, duçr-e¡öi. gror/i'n on chocol-ate agar after p¿-t+8 hours

i:rcu.bation appeared as nonmucoid, yeIlor,v-gray globules '.vhich

produced a smal-l zone of aÌpha ¡snelysis after 72 hour"s groi^rbh.

3" H. ducrey-L appeared as a Gram-negative, pleomorphic rod approxi-

mately f .5 x O"5 N v¡ith rouncìed ends vrhen vio"¡orl h¡¡ lioht.{._vJJ¿õl¿v

rrticroscopy after. Gram staining.

l+. Nutritionally, all straj¡rs of H. ducre..¡] exhibited a requi:'ement

for X factor (nentn) and were independent of V factor (N¡.¡) 
"

This requirement was confirmed by a negative porphyri:r test.

5 " Tests performed on the APf-2oE j¡dicatecl S. ducreyi is relatively

inactive biochenricauy" All- strains r{ere voges-Proskauer', and

^-.:J^^^ -^^^-:+;-.^ ---:!L +L^ *c inl if.r¡ nf ef._¡rinq fapmon*inouÀ¿uclùE lJvÞ-!t/JVVr',¡¡-l-tJI-t UII{j lilr^U--_-d qJtÐ ]WIllrvtttJJ.ltó

glucose and arabinose" l'Íei,hod.s for testing biochenical- activity
gave varying resu-lts and nitrate red.uctase activity could not

be demons'i;rated i:r the API-201I by the ma jority of strairis "

Houever, all- strains luere nitrate reductase posiùive usi¡g the



methocì oí Cov¡an ancì Steel (L965) .

6. itlo pil-i or other bacterial appendages coul-cì be demonstrated on

.^^-^!i''^ì-- ^.Í.:in¡¡d il drrni.cr¡i Ìr¡¡ oloaf'¡nn milleðd urv(--LJ 5 _**"__.

7 " H, ducreyi e>Cribited a tripartite outer membrane, characteristic

of the Gram-negative cel-l- r+all.s r.¡hen exami-ncd by el_ectr.on

lni nra<nnnr¡

B" Ruthenium red and lilcian Blu-e stai¡iirg revea-led the presence of

exocel-lul-ar material jn el-ectron rrricrographs of thin sectionecl

H. d.ucreyi" Visual-ization of the exoceliul_ar. materiaf tias

improvecì by treatment r+ith aniisera against whole cell_ H. ducreyi

prior' -r,o Íj:iation and sta-ìning rvith ruthenium rcd or Àl-cian

Blue" This technique demonstrated a continuous exocel'lu]-ar

(capsular) l-ayer O"Ol- to O.O5 ¡r"

9. Virul-ence testing in the rabbit, intradermaf mociel indicated that

al-l- iJinnipeg H. ducreyi strai¡s r,¡ere virul_ent and reference

strains v¿ere avirulent. This model al-so i¡dicatecl that virul-ent

strains producecl a more acute jnfl-ammation i_n the associated.

skin lesion than d,icl the avir.ulenì; strains. Viabl_e H" ducr.eyj

coul-d. be isol-ated from the virul-ent l-esion up to ì;he sì:rbh day

posi; ìrrocul-ation bul, at no time aÍter the i:rocul_aì;ion could H.

rl:r¡-¡o¡z-ì hô -ìSOfAted ff.Om the aVifUlent leSiOn- Tho nr.nduntig¡1::-.-::¿= v¡¡r vr¡v o vrl q¿eI:U ¿ço!v¡I. r¿rç }Jr UU.UUU¿I

of l-esions by virulent H. ggcl_e¿l strains ',uas found to be d.ose

d.ej:end.ent.
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10. Vir"u-Lence i:r lL g1l-cfs¿l coul-d not be associateC r¡ith any

mori:hological or structura-l feature of the organisrrr" Hoi^rever',

n^r"m-"''i-^ -esistance vlas associated i.rith thc can¡cit'r¡'[or.yvLJrtv¡_LL r çÐrù udrrus vyc1È d,Ðùvurd, uvu t.,J¿t/I¿ rrltu wqu@v¿uJ rvr

virul-ence in sel_ected ll" ducreyi strains"

;\ntigeni-c studies jndi cated that a complex pattern of precipita-

i;ing antrbodies agairrst H" ducfçru antigens could be proctuced in

rabbits. The nn jority of I{.- SgCfçru antigens r.¿ere heat labile
1: nnon r Ã m-i - \ r.,,+ ^-r 

-l ^- + .: ^^-\¿vv v9 L) tL\lio I vqv q!! q¡f,u+6çrrS I{eTe pfotease-heat l-abile,

Heai; stable ancl heaì; labÍle antigens coul_d be separated by

col-umn chromatograph¡r on DE.AIJ Sephader.

-ì ^ mL^ ^-r '-^'^i g sti'ucture of :l'l H- rìlrr:r"e¡¡i sira j¡rs aÐoeai.eriL¿ o allç dtlLr_l_óu1L-!U b Lrj-UUt,Ul'e (rI e!J- r¡". !L!4!l_yJ:! Ð __ __--

honogeneous by gel diffusion and rocket electr=ophoz.esis. Cz,oss-

reacÌ;ing antigens betrteen I{. gg_ep and H" inf_þCnz-a-g., il"

rere-SÀucn?e€., -LI. pl-eg¿'glæunioqrq., t{.- perephrsæhilus and H"-

e_ll_J¡g_Iì]m r¡ere also d.emonstratecl, establishing an antigenic

re-l ationship betr,reen these Haemophilus species" The cross-

reactilg ani,igens of &- _l+I}¡enzåg r.¡ere al_so shov,in to be heat

f,4 p¿¿ç ô
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"
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Ánnand i:: -[
::xi:-"_:'i:_:a---=

/ ñ 11 
^ 

ì\

àojLrg*.]gll].a (sce IaO rc )i-L)

/\r-ai srtQeq lråar

Trypticase Soy rigar' (Bal'uj¡rore Biological
\ /--- \ .Bal-i;jrno:ce, i';d.) (DBL) is overlaid r¡ith 5;j

Cel--ls jl 'the Trypticase Soy ,tgar"

-T+æ:pepe so.-¡.;gar (¡¡f,) (con-oonents pc:"

_t_09

T ^l^^--^+ ^- ; ^^i{1 wvt 4 uur rçÐ,

Sheep Red Blood

l-iire dis',,ill-eC i'¡ater)

(b) CÇ_j*e¿_Þe¡e (¡nl) (components per litre CisÌ;il-led uaì;er)

Tl.:¡ir* 'i nc ca Panf n- ^af, J, rJUrucjüg f ç! uvlLu

ryrl ,i
, fr-l --, .1-n;r¿6ns ,'e'tOne

Sodiu:n chl-orid.e

i,,c:r

'i)ar¡* nrror vlr vv¡¿v

Co::n star:ch

D^+ ^ -^-i,,-, Ðì..^-^L^+^! U(rdùùIUJir I lluÐ}J:r(a Uç

Dibasic

Potas s iu¡n :)Ìrosphate
j'ionobasic

Sodirul ch] ori de

Åø:¡.-_0".-'

il"ìO g

5.0 I
5"0 e

J-./.v 6

15 "0

r.0

4."0 s

1'o g

5,0 s

10"0 e

rJo



t-].0

(") Chg.qo].-g!--e* _risqr

To l- litz.c GC ^ga:' Basc (tsÐfi,) acÌcì l-O f; Hemogl qbin (BBL) anci.

Lii CVi\ (Gibco).

(ci ) åtæepj q._e&!È*çheeo]e!e_rf&qg

To I l-itre of GC :\gar' ììase (S¡i) acid ihe f ol-ì or.¡ing suppl-ernents :

. .-f

4): Sheepes Red Bl ood cel-l-s

f - ^^ \
J-)ó lielloggrs su.pplement (per 100 nt distill-ecl rvater.)

Gl-ucose À.0 e

Crl-utarrrine 0.5 g

ife.r.r:i-c nitrate 50.0 mg

Thianij-ne Fy::o.¡:hosphaie I r,L o-i O,2ii
sofution

O " óÍ, Ni cot j:rarric,lc lidcnine*C.i¡uclcot--ì-dc (in:l)



l-l l

(u ) fl_ç-+qq*Hlri:g_(tsBL)

À nrran¡ì -ì -. T T¡¡tJPv:-r\{-:-.ru

3zr)

t,\(cornponents per" litre distil-l-ed. liater)

Beef e:rbi'ac'i;

Ti'i -"1!cl-o._r_casc i'cillolle

Starcl:

(b) ISC*.I (lilco) (conponenis pei'

R¡ni-.n - T-,^¡¡-nÈ.nno

iìr n*.n - Sn¡¡i.nlra

Bac'¿o * iJe:rL::ose

i;¡ cf.o - T-nr¡q'i.-i ir¡.

SoCiuir chl-o::icl.e

Socli-u¡t su-liíie

Sodi-u:n ci+urete

(c) Brai-:: Heart Infu.s j on

)"v ó

1'7 4 0¿t ë/ a)

t"/ 6

li ì;rc cli sti-l I ecì iiater)

r_) ow ¿;

5.0 s

5.o e

^^^w"Z ¿.

Ly.o I
0.2 g

t^^rov 5

/^.-- \(BBr) (conponents pei. litre of ci.j-still.ed
r.rai;e:')

Brain Heart Infusion
, Tii-rnr o'üone i-e.clonc

. iì_'li"]rptr-case .t-eproi'r.e

Soiiu:n chl oricle

De:.rtrose

nj ^ ^i -i.-* -DL ^^.^1^^+uâ!-!Þuu-ILull l llvù}Jrtd

8"0 s

5"0 I
r_o"u 3

5"0 I
2"o e

2"5 E




