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Howe~’er-.~in th.ia pilot study (1 year) it was shown that gonococdi grown in
subcutan&,us guinea pig chambers resembled urethra]. pus organisms and
differed £rom the same strain grown in -vitro. In particular, they
resisted killing by human serum and pliagocytes and showed in gel . 

-

diffusion one or two antigens not produced by the parent strain in vitro.
Two additional gonococcal. isolates showed similar antigenic differencea
between or ganisms grown in guinea pigs and in vitro. These antigens
revealed by grpwth in vivo might be important in designing future diagnostic
tests. . 
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il~~ARY

Effici~~t diai~nostic te~;t i~ are needed to reduce gc’iorrhoea. For many
bacterial L;pecies antigens responsible for virulcnce revealed in organu~ins
grown i~ v v ’  have been produced ~~~~~~~ and used in diagnostic tests. Hencethe ob;j~ cu . iv e ‘~i:r~~ to e..:~mine gonocscci. crown i!~~vivo for antigens not yet
demonstr;rte1 ~ri vitre. Urethral TdlG is not a suitable source of in vivo
gi’own ~:C c c C c i  as rc.L~~!veiy f r Jw or~ z.tniz!ns can he isolated from it.
II’~:ever in ~~i3 pilot stu’:~y (1 yec.r ) it was shown that gonococci grown in
s bcutan’~o’:c guinea pi~ cham bers resct~bled urethr~i pus organisms and
differe d ~rcs the same strain grown ~n vitro. In particular, tht~y rc~ isted
kiliing i.y 1i~~ an serum and ~hagocytCs arici showed in gel dif fusion one or
two ant i r-~n~ not produced t~y the parent strain in vitro. Two additional
eon occal i~oiates sho’.:ed. similar antigenic diifererces bet~;cc~i orgarisms
grown in i-u: r ea pigs and in vitro. These antigens revealed by growth
ini~ivo mi.~ht be important in designing future diagnostic tests.

~~RWORD

In conducting the research described in this report, the investigator(s)
adhered to the ~Gujde for Laboratory Animal Facilities and Care”, as
promulgated by the Committee on the Guide for Laboratory Anir~.a1, Resources ,
National Academy of Sciences—National Research Council.

APPENDIXES

i)  Morphological , biological and antigenic properties of Neinseri~~ gcric’rrhoeae
adapted to growth in guinea pig subcutaneous chambers.

C.W. Penn , D. Sen , D.R. Vc-ale, K. Wj tt , N .J . Parsons and 1. C~ith ,
1976 , J.Gcn .~ j cr~ bj ol. 97 , 3 5— 43 .

2) Resj sta:ic~ of N i : - . ’r ~~~~~~~~~~~ r~ own in vivo to ingostirn and
digestion hy ;. - . i~~~ ‘. ;  01 W t~.L~n oieod. 

..

~ . W itt , P. k. ~~ ~i t • t~~1 hi~zei ~inch , C.W. Penn D. Sen and ~. Smith ,
1976, ~J. ( ;~~ .:- ~ !“°~)ACd . ~~~~, 3~U—3 5 O .  
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BODY OF i-.~ ‘FORT

¶~
}
~e problem wry; to see if gonococci g o~~e~i in vivo Lormed antigens not

produced by gc~~r :c~~ci gro~m in vitro which might be of’ use in diagnostic
tests for gonorrhoea.

P~GKG1~OUND :

Conor rhoea is the classic case of a disease , once controlled , rebounding
under different ~ecial conditions. It i.s now pandemic and the main reasons
m~ r ccr to be ceyyh . seroi zcivoncss, the h igh proportion of ~~~mptom~t icully
xnJ.cc t~ d female:; ~~~ antibiotic resistance (1, 2, ;‘, 1-i~~. Two pub).ic h~aj.tnre qulrnirt enta would help to coutrol the disease. First the tyr inr of
Conococoal stra~nm should be improved so that spread of part~ cu1ar inf ections
cvr’ ho invest ig~te~.; and second diagnostic tests must be devised for detection
of infection in .i;~ntomatic carriers, (1, 2 , 3, 1+) . An effcctive vaccine
w.I~ir.}g would also h-~1p to control the disease may eventually be produced , hut
at presert the oiitlce~c is not good. First , in ) -

~r~~ little or no lasting
ismunity te gonorrh o~ia follows natural infection (4) . Then , the ir~iunity
against gorioi occal infection of the genital tract of chimpanzees or of sub—
cutaneous chanht~rs implanted in guinea pigs, which develops after vaccination
with large quantities of killed gonococci, is type speci.Iic (5, 6, ,‘) .

Serological procedures would be a helpful a~1unct to cultural and other
methods that can be used for typing gonococcal strains; the useful antigens
would be those showing type specificity such as appears to be the ease for
pili antigens (8). But serological procedures would be a greater boon to
diagnosis since they could be used in surveys for asymptoniatic carriers
without the need for genital examination (3, 4, 9). Here the useful antigens
would be those . i~g the greatest spread between different gonococca].
str ains wi thov~ reactions with the antigens of cor~mensal bacteria and
other pathogeni. ~e present serological tests (cor;ip].ement fixation , mic ro—
floccula tion of J.gon coated particles of cholesterol and lecithin , mic ro—
precipitin, haemas~glutination and indirect fluorescent antibody techniques)
using whole organi:.~ms , crude extracts of gonococci and purified endotoxin
preparat~cnc , give rocitive reactions for 30—90% of patients with positive
cu].turca and for about 10% of controls (3, 9). Clearly there is room for
improvement. ?lorc sensitive techniques such as radjoi mnune assa~r might help
but the cardinal reouirement is a preparation of antigens which are both
ccmrno~ and exclusive to gonococca]. isolates.

Vor some other bacterial infections, the factors which detor.:ine the
p ath~~~ nicit y ,  csp~:ciafly the so—called atressins (io) which irh:LI’it host
def..~uco ~.ochan ismu in the early invasive stage of the disease, i:~n ’e Y C’f~i%C d
the antigcnic bas is for diagnostic tests and typing procedures. Examples
are , the 0 antigens of the ent ero~actcrea cae, the pricu:nonococcal poly—
saccharides , the coagulase of stc m;yioc ~ci, the V and ~I anti i~~~n.~ ~~

~~~thm and the toxins of Clo. ~ic1 i~~ cpp. in recent years some faceLs c~

patno~, enicity of gonococc i na’:~ been eluc idated but the antigous cs spon*~ibi.c
arc not clear.

Gonorrhc~’:. ‘~~; primarily a superficial infection of the lower uroger~ tal
tract with sole ~~nU.ra t  ion Into the il~~j i  t l ieLial  1~ç.ers (~ 1) • ELectron
ri ic~’osc.opy on urc~~ira]. acrapin~ and on p’ z fss~d iaJloj’i;~n tubes c c’n~ irin the
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acthc :~~ci of gonocoeci to and r~ pid infect .4~;n of epi thelial cells (12 , 13).
Th~t~~~i; :r t  acute :~~~lc~ s~itory ri~’~ ponse ( i i ) o  Undoubt ;c(ily this c ’llular
~~~~~~~ ~~~~~~~~ ~~~ infc .~t ion in some c~ se:~, but f :n ococci  can rosist
thir; rc, ~~~~~ hec~~u~ if l iOc tiCiL c. :~i spread to ot er .Lf ~~~~~3 (e.g. fallcpian
tub er ; , ~L’ostrate, :k i.ntc) and sometim es ~~ i.~ra] i3es (i , 3, 4, 11 , iL+) .
Well :;~~~ n~~ -~ extr..~ccllu1ar ~~~ .intracelluiar gonococci arc seen in smears
of m -L :va l  pus , :;.~~ t ing  tha t sc;~e gonococci migh t resist in~ estion b,y
phago~m’ L~~ a~d othr2 ::: dir cstion. Also elrc t r on microscopy ir.dicates some
gon :.~~ ’ ... dLcintc i~’ .~e in  pharocy tcs but o~ hers look hcuithy and ~~~ c-~r to
be div. ’.~ i .r~ (15). ~.:cver , sequen tial observations on the c i,opulation
were ~ieccIed to prc.ve i ntracellular survival and growth.

Yhen Kellogg ~cc~ hi~ col]~~~ ues (16~ ~7) recognisec~ ~.tah1a virulen t
(typc ’~ I an~i 2) and avirulent (t .~’2a~ T~ and 1~) types of rcnococci the
classical ~pproach to n~ chanicus of path~genicity could b~ math’ — compari-
sons of virulent and aiirulent strains. The virulent t~~r p c3  were pilated
and the avirulent ori’~s were not (18, 19). The virulent types resinLed
ingesti on hy human nht~ ;ocy tes more than the avirulent types (20—27). P1.11
may pls~’ a role in t~L’erence to the urogentical tract (12, 13) but few pili
can be c~~n on gonococc~ in urethral pus (15) and there was little difference
in str2n~~~ of adhesion to pieces of human endocervix between pili~tcd and
non pilat~ d strai.n of gonococci (28). ~4hether pili are respcns~ble 1~’r the
res~rtzjrjce of virulent ~;trains to phagocytosis is a matter of coni.rover~y
(25, 2G)~ I~ccently my colleagues and I have shown that a pilated r .train
of gonc.coccus resemblimg Kellogg type 2 survives and grows within human
phagocyt”s (29, 30). The gonococcal components responsible for resistance
to ingestion and digestion are unkn o~m arid cmay or may not be antiger ~ic.
They could be of use in diagnosis. Both virulent and avirulen t strains
produce in their cell wails a lipopolysaccharide endotoxin which appears
similar to those of the enterobactcriacae ; however, its detailed chemistry
and role in pathogenesis is not clear (i , 31). Antibodies to it may be
involved in the bactericidal action on gonococci of human serum and complement
(31) and it might also contribute to the cellular damage of the urogenital
tract found in gonorrhoea.

APPROACH:

Th~ behavi.our of a microbe including its antigenic makeup is determined
firstly by the t;euorn e and secondly by growth conditions which influ~mice the
extent of ~:1 ich the genetic information is expressed; changes of g~owth
conditicris l’roduce different rMenotyT~es from the same genomo. F.~r ôiagnosis
w~ are interested in l i e  ant i~crts proddced by bacteria when growing in the
tisbues of the infected hcst. k’hen ba~ toria are removod fr om i:i~~ ct cd
animals ru id gro~’n in vi :~’~ the cht~tnr .1 in onv ircnment will induce pnenoty pes
different from those ~ c . .L. i  in vi:o 2 .) . ~~ the past 17 year s €vidcr.ec. has
accumulated for r :in~’ i ’: . :  ~ ‘r .Lt u ::; ccies (~ :~~ ~~1 ‘, t n ~~ nt ” r :.” ~, ~~~~~~~~~~~~~~~~
~~~~~~~~~ :~ ~~~ ‘ 

~~~~~~~~ 
t~~~~~ ’~~~~ j anu ~ OCOL~~i)

t h: L a: :~ z~or~: i t  ; z ~ cc ~~.u a: ~~~~.i.a ai ui ’ crcnl.. eu~ ..:ica1ly, ~nt i  genically
and hi.oir ic ;ifl y frL thoze ~x own i’i i ’t ~~ ’; sn’i these di fferences apply
eopeciol .ly te the ~!e u r i ~sauts  of .i. c. ’; ’~~~. virulence (~~~~~, 3~~) .  ~Iencc ,
alti ou;~ i n:~’ er i ~ r r iu n t ’ . i  t r o  :~re ~~v :r,i c.et sourc~’r. of ant igens they
may l:~~ t set ~ nnt i :ct~.; ;~~~ ~~~~~~~~ ‘ii ic ’ cc.’.:id be ,m ’/ )rt ant r~~no..;tically.
Ar 1d a : t u t ’ ~ of Inc ~~~~~ ~~~~~ of t .nc ort ‘~i~~ c i! :lv o ~:ay rc.~o~Lve the hi therto
unsoiv~ (t :‘rc .1~~a~; tf ci:’ “V; : I~~. o ~

‘ u : r~~~ u~~t i .  o u t;  are avaiia~le for
oxami i i  u~ i’:~~tcr ’  .~~ r~v ,n - n v ~~ ’c ’ ( 2) a~ d ntod~ rs on :;~‘‘1i org:)n irms :iVe

revei aim I i ~e;m i u (~~~. I. rn.i n~ ~ t .  ~i~ mi~ ~nc~ for i~. n t  ~ ~~~~~~~ 1. ~ I is,
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Br .ahrr I~ ’;, staphylococci, V.chnlcrne (10, 52, 33).

Cosecocci grown :i~i ~1vo differ from thono grown in ~r itro. Gonococci
from urc hr:~l pus infcct ed hum an volunteers aoro easily thnn gonococci
grown ~~~~~~~ (3k) , a ere more rcoistan t to the :iiiing action of human serum
(31k), h::t t a ciifferent cell ~:a1l morphology (~~ , 3f~) and were less pilated (is).
However , the examination of gonococci. from urethral pus is6difficul t because
of the : - ~Ll quantIty (0.1.-0.2 ml of ~us containing i—5x 10 viable organisms
per ml) tn:~ can be collected. Another source of gonococci grown ± n ’ .r :~~~o

became ~ .Feileblo when Arko (3G) introduced infection of plact Lc uhauhers
implant-ni subcutaneously in rabbits and steel springs in guinea pigs as models
f o r  recc•orch on gonococsi~ Using a modification of Arko ’s technique in guinea
pigs my colieagu e~ and I (37) sho~,cd that gonococci estab1~ shed persistent
infectiem (i—5x10°/ml of chanber fluil (4~5 ml) for more than 50 days) in
the chambers despite the presence of an immediate and sustained iriflanunatory
response ~:hi.ch simulated the response in the husan uro—genital tract. 3trains
of gonococci resembling the virulent (for man ) Kellogg types I and 2 produced
persistant infections, whereas a strain resembling the avir ulent Kellogg type
1+ did not. Finally, and impor~ent in relation to this proposal~ three passages
of the virulent strains Ihrou gh the chambers reduced the minimal infectious
dose from 1000 to about 5 organisms, testifying to the increase in vir~rJ ence
eff ected by the in ~ivc conditions either by selection or phenotypic ch ange.
Hence, for this pilot study it was suggested that gonococci might be obtained
from such guinea pig chambers in sufficient quantity for an examination of
aritigenic differences bet~zeen them and gonococci grown in vitro in relation
to any differences in biological properties that might be important in
determining virulence.

I~ESULTS:

The detailed results are given in Appendixes I and 2 , they are
summarised as follows.

A pilated small colony forming strain (BS) of gonococci resembling
Kellogg type 2 was passaged three times through guinea pig chambers and
obtained regularly in sufficient quantities for comparison with the parent
strain in serological , biological and other tests (App. I and 2) .

The strain grown in vivo produced smaller colonies and was generally
more sparsely pu nted than the parent. strain (BS ) grown i nv o (App. 1)

The strain grown in vivo was more resistant than the parent strain
in v t ’ )~ to the killing action of fr esh human serum anl of human

huffy coat p~ai.gocytes (App. ) and 2) .

Crude extracts of the surface components of the in vivo adapted strain,
grown once on ni~ar showed one or morr~ protein components in polyacrylami~1e
gel elcctrophoresis and produced in gel one or two immunoprecipitation lines
against f;uinc :’. pig antisera (evoked ny ~fection of skin chambers) not foundfor corresp~ncing (xtractt~ of the pe nt strain grown in v it ro  (App. I).

Similar dif c’~~nccr ; in imm une p~ccipitutiori in ge.~.s were obtained for
two additional U toeoccal nt

~c’n (A.~ vni C~ ) in comparisons of cxtrac t~
of the str~ i .~n ; m i.-

~~~ Lcd  to ,~aowth in guinea p i g c hambers and those of the
i~~re~ t r,t .rr a:; gro’~ r t i n v i i r .-~. ‘fh .’ e;..~ erir.mentn were ti.c aame as th ose
described in i pn . 1 xor m ;~. r a i .n i3S an d the uamc n n i ..isera were used. The

- -—~ —.---~~~~~~~~~~~ —---. -—- —- - -~~ —.--_______ —~~——--~ - -- - -
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extracts of in vi r~ gro~m or— tninms fron the two a~~1ltional isolates produced
one or twu pre~~ p~ t~~~ on lines not for.-~cd by cxtraot :;  ol’ the 5.n vitro gro~;n
strains. Furthe.r:~~re , the ~..~ :iitional : runopreci .p: tc~tion lines formed by the
t~•~o additional isolates whc~ grown in gui;lca pig c):j.üers correcponaed with
those formed by strain BS a~’ter growth in guinea p ig  chambers; thus adsorption
of the serum with the latter organisms rrevented t i e  ap~ earance of the lines
fon~ed by the extr~c~s of the two additiena]. in vivc’ l L ’own isolates.

CON CLU~ L()NS :

In two properties, sparse pilation and resistance to fresh human serum,
the organisms fr c~a guinea pig c~iambers simulated p~ op~ rt ios  a) ready reportcd. for —

those from urethr:a pus (15, ~ k) .  la b~ thg ~nore rc s i : ;~~ ’-it to th ’~ ki l l ing sctic:~ of
human serum and of human phagocytes the ~rganisms gro~:n in guin~~ pig ch~r~ibers
seemed more endowed with viru1~~ ce determinants (i .e.  ar c!res:3inS) than those
grown in vitro. And. crude extracts 01 the surface components of the organism s
adap ted in vivo rind. grown once on agar , produced innunoprecipitation lines in
gels and showea cc.mporients in gei electrophoresis that were additional to those
shown by corresponding eytr acLa of in vitro grown organisms. J~ence , the objcc—
tives o~ the pilot study nad seen achic~~a. ~JOflOCOCCi seem to procuce in
guinea pig chambers antigens which may be corrected with viri’.leace (ne t only
in gu inea pig chambers but also in cian , since human serum and phagocytes were
used in the biological tests) — and these antigens are either not produced ,
or not produced to the sane extent under normal cultural conditions ~~~~~~~~

R~~OW’1~~DATIONS:

~~tend these findings in three directions with the aim of identifying
gonococcal antigens of potential use in diagnosis.

I) Survey many isolates of gonococci for additicnal. antigens produced when
they are grown in guinea pig chambers , and to see how far such additional
antigens are common to the various isolates. The preliminary results on
the two additional isolates (see above) are encouraging in this respect.

2) ~~tract and identify the antigen s revealed by growth in guinea pig
chambers; for thi s purpose r&tt empt~; should be made to produce the
antigens in quantity in vitro by modification of cultural conditions.

3) Survcy the sera of patients with L:o~cr rhoea for antibodies to tl’e
anti ns revealed by growth of donecocci in guinea pig chaaberse
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