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Abstract 

5 k a 1 k a B.: AIlUge.n.ic CluvutcteJt6 08 CAMP-8actoll.4 Pltoduce.d 
by V~88e.Jte.At ~ 08 StJte.ptoCOCCU6 agalactiae.. Acta Vet. Brno. 
55. 1986: 183-190. 

Antigenic relations of CAMP-factors produced by different 
strains of StJte.ptoCOCCU6 ag~ were studied within the framework 
of this species. Prepurified foraa of CAMP-factors produced by the 
serotypes la, lb. Ic. II. III X. and R were used to prepare antisera 
by repeated intravenous injections into rabbits. Two techniques of 
precipitation were used for serological tests. namely the agar 
immunodiffusion with prepurified CAMP-factors as antigens and the 
modified Elek-ouchterlony tast employing the native fora of this 
exosubstance. CAMP-Factors gave positive precipitation with 
homologous and heterologous rabbit antisera. Three precipitation 
lines were formed in the cases of homogeneity. one of thea beeing 
very conspicuos, and two lines only originated when CAMP-factor 
and antiserum were heterologus. As s rule these two lines were 
faint. Our results proved existence of both. specific and coaaon 
antigenic fractions in CAMP-factors. The Elek-Ouchterlony test was 
carried out for investigation of 300 S. agalactiae. strains. based 
on serotyping of their CAMP-factors. All strains were isolated by 
us from clinical .. terials. and they were tested with rabbit antisera 
to CAMP-factors of the serotype strains. Among 150 strains from 
humans, CAMP-factors rescted mostly in the saae way ss those of 
strsins Ic and III. among 150 strains from bovine udders. in the 
same wsy ss CAMP-factors of strsins X snd R. 

ruLtive. and plte.pWr.i8~e.d CAMP-8aWII.4, uJtOtyPfA 08 StJte.ptoCOCCU6 
agalacUae., CAMP-8aWIl an.ti6e.Jt4. ag4ll .u.utocUaau.6~on, Ue.It
Ouchte.Jltony teAt. 

The exosubstance of S. agalactiae.. cslled CAMP-fsctor (P u 1 s for d 1954) 
is characterized by its synergistic hemolytic reaction with stsphylococcal beta 
toxin (C h r i s tie et al. 1944). or with corynebacterial phospholipase D 
(F r a s a r 1964; 5 k a 1 k a et a1. 1979b) on sheep or bovine erythroc·ytes. 
This synergistic action was explained either by lipase activity of CAMP-factor 
(K arC h 0 u dry 1978) or by its binding to ceramide liberated by the 
prior action of staphylococcal sphingomyelinase on sheep erythrocytes (B e r n-
h e i mer et al. 1979). Evidently, CAMP-factor is produced by all S. agalacUae. 
strains. even during their growth in the L-phase (5 k a 1 k a et al. 1979b; 
Phi IIi p s et al. 1980; Flo r e 8 and Fer r i e r i 1983). 
Antigenicity of CAMP-factor was described (B row n et al. 1974; 5 k a 1 k a et 
al. 1980; Flo res and Fer r i e r i 1983). as well as its toxic and even 
lethal effect for rabbit and mouse (5 k a 1 k a and 5 a 0 1 a 1981). The CAMP
-factor producing streptococci belong to Lancefield group B according to the 
antigen pre.ent in their cells (L a n c e fie 1 d 1933). nevertheless. a 
serological subdivision to types i. po.sible within this group (L a n·c e fie 1 d 
1934; Pat t i • 0 n et al. 1955; W ilk ins 0 nan d Moo d y 1969; 
J eli n k 0 v, 1983 a.b; Hen ric h sen et al. 1984). The investigation 
of antigenicity of CAMP-factors produced by different S. agalactiae. strains. and 
their diagnostical employment va. the topic of the present study. 

• 
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llateriala and IIetboda 

M. d i. 

Br.in heart infu.ion CM225 and Brain heart infu.ion a .. r CM375 (Oxoid Ltd.' ver. 
u •• d. Por bloOd a .. r pr.par.tion. the .olid ba •• va •• uppl ... nted by 5 % va.h.d .h •• p 
.rythrocyt •• and 2.5 ... 1.-1"1804. 

B act • ria 1 • t r a in. 

s. 49~ (Str B) froa the Cz.cho.lov.k National Collection of Type Cultur •• 
(CRCTC) ver. ua.d. naaaly 8/70 for type I •• 9/70 for type lb. 5/70 for type Ic. 3/70 
for type II. 4/70 for type III. 24/60 for type X. 25/60 for type R. and 8/66 for the 
.train po •••• inl .xclu.iv.ly the Iroup antilen (Iou r e k 1981) .nd referred 
further a. B. 

Additionally eaploy.d .treptococc.l .tr.in. vere S. pyogent4 8tr A 3/55 .nd 2/56. 
S. zoo~deaica6 Str C 4/49. S. ~qui6~ Str C 7/49. S. dY6g~ Str C 12/77. 
S. ~qui Str C 3/78. and further Str E 42/59. Str P 4165. Str P 19/55. Str P 21/55. 
Str U 1/70. Str V 1/75. all froa CRCTC. 

S. ~ CCM 61S1 •• rved both for routine CAMP-test .nd for preparinl prepurified 
fora of it. b.t. toxin. The atrain of Coryn.bacteriua p.eudotub.rculosis CRCTC Cor 39/70 
vas uaed for heaolytic .ynerli .. t.at. 

Moreover. 300 S. 494laeti«~ .tr.ina vere .xaained. 150 of the. isolated fro. 
huaan •• nd 150 froa bovine u~der •• 

P r • pur i f i • db. c t e r i • 1 .e x 0 sub s tan c e 

CAMP-factors and staphylococcal b.ta toxin vere prepared by ace ton precipitation. 
exaained fro their activity which i. expres.ed in activity units (AU). and .tored 
.a d.scribad e.rlier (S k • 1 k. et al. 1979a). The tera prepurif1ed is used in order 
to distinluiah this froa the native and purified froas. 

Ass a y for he. 0 1 y tic s y n e r I i a • 

All strains of streptococci vere .xaainad fro their heaolytic synerli .. vith 
st.phylococc.l beta toxin and coryneb.cteri.l phospholipa.e D by • aodified CAMP
~ as deacribed e.rlier (S k a 1 k a et al. 1980). Type .trains of S. 49~ 
.nd their CAMP-factors vere1also verified on blood .I.r vith a st.phylococc.l bet. 
toxin content of 7.5 AU al- • 

C A K P - f • c tor • n tis e r • 

CAMP-factor .ntiser. vere prepared by repeated intr.venous injection of 
prepurified exosubst.nce into r.bbits .ccordinl • schema described e.rlier 
S k a 1 k. et al. 1980). CAMP-factors of S. 4B~ type culture vere used. 

The .ntiser. I.ined vere inactiv.ted .t 56"C for 30 .in .nd .bsorbed with heat
-killed pellets of hoaololous .nd het.rololouS S. 494laeti«~ type str.ins. Then 
the .ntis.r. vere centrifuled .nd their supernatants vere collected .nd used. 

A coaaerci.l antiserua for aerololical identific.tion of Iroup B streptococci. 
delivered by OSOL (Praaue). v.s used for checkinl. 

S e r 0 1 0 I i c • 1 • s s • y s for C A K P - f • c tor s 

Serololic.l .ss.ys vere perforaed both vith prepurified CAMP-f.ctors .nd vith 
their native foraa. produced on ... r .. die by the Irovth of S. ug4laeti«~ str.ins. 
Both foraa of CAMP-f.ctors vere exaained vith hoaololous .nd heterololouS ser •• 

In order to exaaine prepurified CAMP-f.ctors. double .I.r ia.unodiffus.ion 
v •• parforaed. Wells of 1 c. diaaeter vere cut in the .. diua .t • dist.nce of 1 c. 
each froa the other. The vella 4er. fill.d vith the .ntis.ra of prepurifi.d CAMP
-f.ctor. und.r study. The di.h v.s kept for 48 h .t 37"C •• nd .fter this ti .. the 
re.ult vas read. 

A aodific.tion (8 k a 1 k. .nd 1 v • s t 0 v, 1985) of the t.chniqu. 
de.crib.d by E 1 • k (1948).nd 0 u c h t • r 1 0 n y (1948) vas p.rforaed 
for native CAMP-f.ctors.· It v.s convenient both for on •• tr.in t •• t.d with .11 
.nti •• ra. and for four .tr.ins tested siaultaneously a .. in.t on. s.rua. In the 
fir.t c.... the streptococc.l .train vas str •• ked on ... r aediua in the .iddle 
of the P.tri dish and the dish vas incubated at 37"C for 24 h. Wells of 1 c. 
diaaeter vere cut in the aediua at a distanc. of 1 ca froa the culture line. The 
vells vere filled with the CAMP-factor antisera. The dish va~ kept for an 
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additional 48 h at 37·C. and aftar thia tiM the result .as· r~ad~ When testinl. atrains 
a .. inst one antiserua. four strains were streaked around one well. The rest of the 
proceedinl r ... ined unchanled. 

Results 

The production of CAMP~factor by different S. aga.l4et.iae. serotype straina was 
no~ of equal intensity. Differences were. to be observed both with the modified CAMP
-teat using S. 4WtW6 and C.p6e.w;iotubeAC.Uloll,u. and with streptococcal strains 
growing on blood agar with staphylococcal bet,a toxin (Fig. 1). A similarly different 

Fig. 1 
Synergistic hemolytic effects of S. aga.l4et.iae. serotype strains on nutrient .. diua 
(8T) containing 5 % washed sheep erythrocytes and staphylococcal beta toxin 7.S AU ml- I 
The culture spots are .. rked according to the serotypes. with exception of 11 (-2) 

and III (-3). 

Fig. 2 
Prepurified CAMP-factors of S. aga.l4et.iae. serotype strains are placed in the wells 

which were cut tbto ·the' s ..... diu. as on Fig. I. 
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intensity of CAMP-factor production was also detected in S. aga.la.c.tiae strains from 
clinical materifl. However. a prepurified CAMP-factor was to be obtained of every 
serotype strain. and the differences occuring in its native form could be reduced by 
convenient adjustment (Fig. 2). 

As could be checked by collecting blood samples and examining sera. a 
sufficient amount of preCipitation antibodies was present in sera from hyperimmunized 
rabbits following the fifteenth dose of antigen. As soon as serum and corresponding 
antigen reacted satisfactorily, the rabbits were exsanquinated by cardiac puncture. 
In the case of an insufficient reaction. the animals received further doses of antigen 
and the checking was repeated. • 

The reaction between antiserum and homologous antigen resulted in formation of 
three precipitation lines. This was achieved both with prepurified CAMP-factor .in 
agar immunodiffusion and with· its native form in Elek-Ouchterlony (EO) test. The 
first line was closest to 'the antigen. thus to the _11 containing prepurified homologous 
CAMP-factor or to the streak of the homologous strain. and it was very conspicuous. 
The second line was located in the middle between antiserum and antigen beeing less 
marked. The third precipitation line. occasionally missing, was Similarly distinct as 
the second one. and adjOined the well with antiserum •. A splitting or confluence of 
described precipitation lines could be observed in some cases. The second and third 
precipitation lines originated also in the cases of heterogeneity of antigens and antisera. 

The first precipitation line always wall intensive between antisera and 
corresponding CAMP-factors of the S. 4ga.la.c.tiae strains Ib (Fig. 3). Ie (fig. 4). 
X (Fig. 5). and R (Fig. 6). while less marked reactions were observed in homologous 

:~ . 
On nutrient agar is a streak lIb) of 
S. 4ga.la.c.tiae serotype lb. In the 
wells are CAMP-factor antisera signed 
a~cording serotype nf the producer 
strain. 

't\g (Q:l5 Do) ,0) 
'1 =~~,~ 

'. 

~ .. ~ ,,;;CN~ ~ 

(11 (tJ \ [1'l ' []) 
~ -~ -

Fig. 5. 
The same reaction as before. but with 
the strain S. 4ga.la.ctiae serotype X. 

I C to lib) D) 
~~w"'*, t 

. 

(0 f (Ill ID) 1['1)1' 

Fig. 4. 
The same reaction a8 in Fig. 3. but 
with the strain S. 4ga.la.c.tiae 
serotype Ie. 

Fill.. O. 
The same reaction aR before. but with 
the strain S. 4ga.la.c.tiae serotype R. 
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cases of the rest of CAMP-factors produced by the serotype strains and their 
corresponding antisera (Fig., 7). As for the first line. the homologous and cross 
reactions of CAMP-factors produced by the strains Ib and Ic. and their corresponding 
antisera. were of particular interest. An intensive precipitation line arose both 
homologous and hf:terologous reactions. beeing compact in, homologous case and 
splitted in two branches in the heterologous one (Fig. 3 and Fig. 4). 

Fig. 7 

CAMP-factor antisera marked according to the producer strains are in the wells. Streaks 
of four S. agalactiae strains are around each well. One of the strains is ho~logous 

and three are heterologous to the CAMP-factor antiserum. 

The second precipitation line appeared in any heterologous case both when 
testing prepared antisera against one strain and when testing one antiserum against 
four antigens. either native of prepurlfied. It always joined analogous neighbouring 
lines assuming so the character of a common line. Similar features though less marked. 
displayed the third precipitation line. 

CAMP-factors of the 150 S. 4galactiae strains isolated from humans reacted with 
the antisera prepared as follows: 9 (6 'Ii) gave identical result as CAMP-factor of the 
Ia strain. 7 (4.6 'Ii) as lb. and 3 (2 'Ii) strains in the same way with the antisera of 
CAMP-factors Ib and Ic. Identically with CAMP-factor of the strain Ic reacted 28 
(18.6 'Ii) strains. with CAMP-factor II 15 (10 'Ii) strains. and with CAMP-factor of 
the strain III 29 (19.3 %) strains. Fourteen (9.3 'Ii) reacted simultaneously with 
antisera of the CAMP-factors produced by the strain III and R. CAMP-factors of three 
(2 %) strains were antigenic identical with that of the strain X. and two (1. 3 %) 
strains displayed a reaction of their exosubstances with antisera of CAMP-factors of 
the strains X and R. The same reaction. as gave the strain R. was observed in 17 
(11.3 %) strains. and as the strain B in 4 (2.6 'Ii) strains. The rest of 14 (9.3 %) 
strains. as a rule. formed the second and mostly also the third precipitation line 
while in no case the first one. Consequently these strains could be placed to no 
described category (Table 1). 

The typing of 150 agalactiae strains isolated from' bovine udders gave 
following results: CAMP-factors of 2 strains (1.3 %) reacteCl like CAMP-factor of the 
strain Ia. CAMP-factors of 5 (3.3 %) strains reacted like that of the strain lb. and 
the simultaneous positivity with CAMP-factor antisera Ib and Ic was observed in 2 
(1.3 %) strains. The same result as CAMP-factor Ic was observed in 9 (6 %) strains. 
and exosubstances of 11 (7.3 %) strains reacted like CAMP-factor of the strain Ill. 
Three (2 %) strains reacted simultaneously with CAMP-factor antisera, III and X. and 
7 (4.6 %) with antisera III and R. The same result as with the strain X was gained 
with 29 (19.3 %) strains. and as with the strain R with 36 (24 %) strains. Thirteen 
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Table 1 

8erotyptnr of S. aplactiae atrains by means of the EO-test 

Antisera a,ainst 
CAMP-factors of Number of positively reacting 
S. agalactiae S. agalactiae strains from 

Hrotype strains 

Ia 9 2 
Ib 7 5 

Ib + Ic 3 2 
Ic 28 9 
II 15 4 

III 29 11 
III + X 0 3 
III + R 14 7 

X 3 29 
X + R 2 13 

R 17 36 
B 4 2 

not alloted 14 27 

total 150 150 

(8.6 ~) strains precipitated both with CAMP-factor antiHra X and R. Two (1.3 %) 
strains only reacted with CAMP-factor antiserum B. No allotment was possible for 27 
(18 %) strains displaying reactions with all CAMP-factors antisera but forming only 
the second and third precipitation lines (Table 1). 

Streptococcal strains of other serolo,ical groups than the group B which were 
used for checking gave results with all CAMP-factor antisera. 

The commercial antiserum for identification of group B streptococci, used for 
controlling purposes in this study, gave no positive precipitation with .both 
prepurified and native CAMP-factors. 

Discussion 

The availability of CAMP-factor for identifying of S. agalacUo.e is undenlable. 
Its production can be determined by means of the original technique for hemolytic 
synergism with staphylococcal beta toxin (C h r i s tie et al. 1944) or with the 
corynebacterial phospholipase D (S k a 1 k a et al. 1979). The employment of this 
phenomenon caused studies on the nature of synergistic hemolytic interaction (K a r 
C h 0 u dry 1978; B ern h e i mer et al. 1979). 

The ·up to date scarce studies concerning antigenic properties of the CAMP
-factor claimed the presence of neutralizing antibodies in blood sera - though as a 
rule in low titres - following experimental and spontaneous infections by S. agalacUo.e 
(B row n et al. 1974; Flo res and Fer r i e r i. 1983). Our experience 
failed to confirm such type of CAMP-factor antibodies, even in the rabbit antisera 
evidently containing precipitins, but we noted the neutralizing activity in normal sera 
of rabbits, cattle and humans, up to the dilution 1/60 (S k a I k a et al. 1980; 
Skalka and Smola 1981). 
Little attention has been payed to the problem whether CAMP-factors produced by 
different strains of group B streptococci are of identical different antigenicity. 
Antigenic identity of CAMP-factora was described by Flo res and 
Fer r i e r i (1983), nevertheless, the authors inve.stigated only the strains 
belonging to the serotype Ill. 

Our results confirmed and employfied this observation. They rendered evidence 
that CAMP-factors produced by different strains of S. agalacUo.e contained identical 
or common antigenic fraction(s) arising precipitation lines referred to as second and 
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third. as well as an antigenic fraction gIvIng the precipitation line referred to as 
Urst which can be considered as specific for some clumps of S. agalac..tiae strains. 
The antigenic relation between CAMP-factor and the serotyp pertinence of producer 
strain is utmost remarkable. 

Admittedly. the prepurified CAMP-factor could contain some traces of soluble 
cellular antigenic substances. neither can be excluded the contamination of native 
CAMP-factor with such ones. but the negative precipitation of both prepurified and 
native CAMP-factors with the commercial antiserum makes the importance of such 
eventuality insignificant. 

Antigenn! diferenclace CAMP-faktord produkovanych rdznymi kmeny Streptococcus 
agalactiae 

V ramci druhu Stlr.eptol!occU4 agalac..tiae byl zjistovan antigenni vztah mezl 
CAMP-faktory produkovanymi reprezentativnlmi kmeny jednotlivych serotypO. a to 
Ia. lb. Ic. II. III. X a R. a kmeny I:erstve izolovanymi z biologickych materiaJO. 
Separovane formy CAMP-faktorO typovych kmenO byly pouzity k intravenoznlm 
aplikaclm kraJlkOm. ze kterych se zlskala antisera. Pro antigennl url:ovan! byla 
pouzita dvojita agarova imunodifuze s prepurifikovanymi CAMP-faktory jako antigeny 
a modifikovany Elek-Ouchterlonyho test. vyuUvajici nativn! formu teto exosubstance 
jako antigen. V reakclch korespondujiciho anti genu a jeho antisera vznikaly tri linie 
precipitatu. Prvni z nich se pozorovala pouze v homolognich pl'!padech. druhe dye 
vznikaly v testech homologn!ch i heterolognich. To prokhalo existenci spolel:ne a 
specificke antigenn! frakce v CAMP-faktorech. Pro vysetren! 300 kmenO S. aga(ar.,tAae 
byl pouZit jen modifikovany Elek-Ouchterlonyho test. nevyhdujic! specialn! pr!pravu 
antigenu. Kmeny byly hodnoceny na podklade p'odobnosti reakce jejich CAMP-fakto
rO s reakcemi CAMP-faktorO typovych kmenO. Ze 150 kmenii humann! provenience 
by!a tate podobnost nejl:asteji s reakcemi CAMP-faktorO typO Ic a III. ze 150 kme-
nO z mlel:ne Zlhy skotu daval nejvets! pol:et kmenO reakce podobne CAMP-faktorOm 
typii X a R. 

AHTHreHHaR ~H~tepeHUHaUHR CAMP ~aKTopos. npo~YUHpoBaHH~x pasH~MH 
mTaMMaMH Streptococcus agalactiae 

B paMKax BH~a Stlr.eptococcU4 agalactiae onpe~enRnHcb aHTHreHH~e 

OTHomeHHR Me.~y CAMP-~aKTopaMH, npo~YUHpoBaHH~MH npe~cTaBHTenbH~MH 
mTaMMaMH OT~enbH~X cepoTHnoB, a HMeHHO la, 1 b, 1c, n, m. X H R , H 
mTaMMaMH, HsonHpoBaHH~MH HS 6HOnOrHqeCKHX MaTepHanoB. CenapHpo.aHH~e 
~op~ CAMP-~aKTopoB THnOB~X mTaMMOB 6~nH BHYTpHBeHHo HcnonbSOBaH~ Y 
KpanHKoB, OT KOTOp~X 6~nH nonyqeH~ aHTHC~BonOTKH. nnR aHTHreHHoro on
pe~eneHHR 6~na HcnonbSOBaHa ~BoAHaR arapoBaR HMMYHO~H~~YSHR c sapaHee 
OqHmeHH~MH CAMn-~aKTopaMH s KaqeCTBe aHTHreHOB H MO~H~HUHpoBaHH~A 
TeCT no 9neK-YmTepnOHH, Hcnonbsy~mHA eCTecTBeHHY~ ~OPMY ~aHHoA 
3Ksocy6cTaHUHH B KaqeCTSe aHTHreHa. B peaKUHRx uooTBeTUTBY~mero 
aHTHreHa H ero aHTHc~BOpOTKH BOSHHKanH TpH nHHHH npeUHnHTaTa. nepBaR 
HS HHX SCTpeqanaCb nHmb S rOMOnOrHqH~X cnyqaRX, cne~y~mHe ~Be nHHHH 
B03HHKanH B rOMOnOrHqHWX H HHa~eKBaTHWX cnyqaRx. 9TO CTano ~OKasaTenb
CTBOM cymecTBoBaHHR COBMeCTHoA H cneUH~HqeCKOA aHTHreHHoA ~paKUHH B 
CAMn-~aKTopax. nnR Hccne~OBaHHR 300 mTaMMOB S. agalac..tiae 6wn HcnonbSO
BaH TonbKO TeCT no 9neK-YmTepnoHH, He Tpe6y~mHA cneUHanbHoA no~rOT08-
KH aHTHreHa. QueHKa' mTaMMOB npaBO~HnaCb a OCHOBe no~06HR peaKUHH HX 
CAMn-~aKTopOB C peaKUHRMH CAMn-~aKTopOB THnOBbX mTaMMOB. Hs 150 
mTaMMOB qenOBeKa ~aHHoe no~06He qame Buero BCTpeqanH C peaKUHRMH 
CAMn-~aKTopaB THnOB lc H m, H3 150 mTaMMOB MOnOqHOA .ene3~ KpynHoro 
paraToro CKOTa caMoe 60nbmoe qHCnO mTaMMOB no cBoeA neaKUHH 6~nH 
nOXO.H Ha CAMn-~aKTOp~ THnOB X H R. 
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