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THE MULTIPLICATION AND VIRULENCE OF SEPTI- .,
CEMIC PATHOGENS WHEN CULTIVATED IN
DEFIBRINATED BLOOD

Izvestiya na Mikrobiologicheskiya Al. Toshkov and Ya.
Insttué na BVlgarskata Akademiya Karadshov
na Nauklte (News of the Mjcrobio-

Togical Institute of the Bulgarian

Acadenmy of Sciences), Vol. 17,

Sofia, 1965, pages 155-164

After we had investigated the multiplication and viru-
lence of a number of septicemic pathcgens in the organism of
infected animals and their carcasses and after it had been
established that in septic carcasses there takes place an ex~
traor’inarily intense multiplication of these pathogens, accom= .
panied by a atepping up of their virulence to exceptionally N
high levels -- on the basis of which finding was revealed the
true role played by carcasses and materials from dead bodies
irom the viewpoint of epizootiology, epidemioiogy and the
natural foci of this kind of infection, we set ourselves the
problem of investigating how multiplication and virulence pro-
ceed in vitro in the blood of various szpecies of animals. In~
vestigations along this line were undertaken with a view to
preparing for the next stage of the work from the point of
view outlined &bove, vis. to ascertain whether septicemic and -
blood pathogens can multiply and increase in virulence in the
extraordinarily 'small amounts of blood which are taken by
bloodsucking arthropods in transmissive bacterial infections.

The basis for initiating these investigations was , -
given us by the observations, reported by Merchant and Packer,
regarding the increase in virulence of Pasteurellae after :
cultivation in the blood (1] and the fact well known in epi~
demiology and episootiology that Pasteurella tig multi=-
plies at an extraordinary rate in the SI'G%E Tound tn the

1




esophagi of the flees which spread this zoonosis.

' Experimental solution of the problems thus formulated,
viz. investigation of multiplicaticn and change of virulence
in biood in vitro and thereafter in the blood taken by blocd-
sucking arthropods, would no doubt contribute tc an even
fuller and more scientific clarification of the :ole and sig-
nificance of these arthropods in the epizootiology, opidemi-
ology and natural foci of a number of infectious diseases.

- Material and Methods

The technique used is to a great extent similar to that
in the other works on the multiplication and virulence of sep-
ticemic pathogens in infected animals and their carcasses, but
adapted to the case. Inoculation is from 24-hour bouillon cul-
tures into defibrinated sheep and swine blood. After cultiva-
tion at 379 tor 24 hours the cuiture is sowed on or: .
bouillon, which is used as & 24-hour cult:s - : . ; .
the investigated bacterial species c; =.:: . ) . ‘
ing {initial) virulence of the investici-- )
mined beforehand, we looked for the de/e= -
virulence during a 24-hour period as wall . . .. . -
. dynamics (at 24, 48, 72 hours and 80 on,. At the same nours
.~ a count was made of the multiplication of microorganisms
' either by countig? the colonies thereof on agar or by direct .
count in smears identical thickness (a platinum loop of
inoculated blood applied to an area defined by a template).
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Strains of Erysipelothrix rhusiopathiae, Listeria
L uonoc*gogenea, PasEoureffa avicida, rasteurella paseudotuber=
culosis, cterium pyocyaneum and salmonella t Ei-urinn R
derwent analysis grou this poiat ol view.

We set forth the obtained results in sequence.

ElE]

o ~ Results

Erysipelothrix rhusiopathiae. During 24-hour culturing
at 37° In 33£I5ri53€53 sheep EIooE the erysipelas bacterium
attained almost the same degree of virulence as in the car-
casses of experimenta.ly inoculated animals [L]. With a
starting virylence ot 2 * 10"~ virulence increased in 24 hours
to 1.2 * 1077 with this difference that whereas the strains
.. 4solated from carcassss induce death in white mice on the f

" v . hth or 5th day, in the case of strains isolatsd from blood
death etisued mOost freguently on the 8th d:z. The ceasons for:
this delay in the time of death are the sublisct of further

' study. S !
" . - A1
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The virulence of erysipelas bacteria isolated from car-
casses of experimentally inoculated animals and birds, as es-
tablished in the preceding 3tudies, is at its highest by the
5th-9th hour after death (in the case of carcasses kept at a
temperature of 18-22°). Later it begins to decline due to the
suppression of certain vital functions of the bacterial cells,
which sets in and proce=ds as a result of intensified putre-
factive processes. In view of this, we were interested in
investigating how virulence would change in a medium lacking
septic microorganisms, such as blood taken under sterile ¢on-
ditions. For this purpose we undertook tc investigate the
dynamics of this process during protracted culturing in blood,
as well as the extent to which any changes in virulence would
coincide with the observed increase in virulence in a septic
erysipelas carcass. It was establislied that with 24-hour
culturing in defibrinated sheep blood taken under sterile con=
ditions the virulence of Ery. rhusiopathiae increases to 1.2 °*

10~ (a 60-fold increase in comparison with starting viru-
lence); with 48-hcur culturing to 2.5 ° 10~% (a 120-fold in-
crease); with 72-hour culturing to 5.1 * 10~5 (a 255-fold in-

crease); with 120~hour culturing to 10~6 (a 500-fcld increase);

with 1l44-hour culturing 2 ¢ 10°? (a 1000-fold increase).
Thereafter it gradually declin«ad, at the 192nd hour reaching
the level at 120 hours (10"°) and continuing to diminish.
More protracted culturing in blood leads to the production of
R forms. Clearly, the possibilities of an increase in the
virulence of erysipsclas bacteria are much greater in blood in
vitro than in a septic carcass.

Simultaneouslyfwith the dynamics of }he change in viru-
lence, the dynamics of the multiplication of Er,. rhusio-
athiae in defibrinated shesp blood was determiﬁea. At the
above-indicated times cultures of 1:1,00C,000 dilutions of bag¢=-
teria cultivatsd in blood were made on agar in Petri dishes.
From the number of colcnies we determinec the number of dac-
teria per ml. As a result of the thus-conducted analysis the
number of erysipelas bacteria per ml of blood went as high

as 2.5 billion in 24 hours, 1.15 billion in 48 hours, 570 mil~

lion in 72 hours, 400 million in 96 hours, 250 million in 120 :
hours, and 400 million in 168 hours after which it graduallz. N

dropped and went to 200 million at the 240th hour. It can
seen thal the numde;' of erysipelas bacteria is greatest at
the 24th hour, after which it declines while virulence in-
creases to the lhith hour, that is, the intensification of

virulence by blood is not directly proportional to multiplioca-

tion.

The results in the case of culturing in swine blood are

4dentical with those a bove.

T VU VNS




O |

Listeria monocytogenes. As in the case of Erysipelo-
thrix rhuslopathiae, here likewise we undertook to follow
through the changes in virulence during culturing in defibrin- {
ated sheep and swine blood. During a 24-hour stay in the

theraostat the Listeriae in swine and sheep blood increased '
their virulence to a degree close to the maximuxn inm a putreso 4
»

cent septic carcass. Given a starting virulence of 3 ¢ 10~
it reached 1077 in 24 hours, with mice here again dying with
a certain lag of from 1 to 3 days. With more protracted cul- !
turing in blood virulgnce increases significantliy, viz. 3000

fold in 24 hours, 107° in 48 hours (a 30,000-fold increase) T
with a iradual increase at the 72nd and the 96th hour, reach~

ing 10/ (a 300,000-fold increase) at the 120th hour, and

10-8 (a 3,000,000-fcli increase) at the lihth hour, with a

gradual decline during later hours. As in the caae of Ery.

‘rhusiopathiae, virulence in the case of Listeriae rises o :
amoofﬁfy and is maximal &t the l44th hour with a 1000-fold R |
increase in comparison with the 2i4th hour, i. e. the change
in virulence takes a course of the type characteristic of the - f

erysipelas pathogen. The same thing holds for multiplication

in blood ~-- the maximum is reached by the 24th hour with a

grndual decline in the number of Listeriae per ml of blood :
uring subsequent hours. . ;
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Pasteurella avicida. In determinininthe change in : : o

virulence ¢f the chicken-cholera pathogen carcasses of ex- : : .

perimentally inoculated mice, rabbits, hens and pigeons, we

satablished an increase in virulence to an exceptionally high

degree [5]. It was of interest whether this paradoxical in-

:{0&:. in virulence would be duplicated with culturing in
004,

: Por convenience we worked with the vaccine strains of .
Tonev and Zhskov.

In the event ¢f 24~hour cultivation in defibrinated
sheep blood taken under sterile conditions, the virulence of
Pasteurellae increases to an extent almost identical with
the changs of virulence in putrid septic carcasses. With

initial virulence of 10‘1, the "Tonev"® strain increased its
- virulence in 24 hours to 10'1 , and the "Zhekov" strain from

1072 ¢0 10712, The mice inoculated with these Pasteursliae
died several days later than the mice inoculerted with Pas-
teurellae isolated from carcasses.

- In the eveat of culturing in defibrinated swine bdlood,
‘'viruleace reached 10°** in 24 hours with the "Tonev® strein amd

)
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1012 ywith the "Zhekov" strain.

Multiplication of Pasteurellae in blood was at its
maximum at the 30th hour (30-40 billion cells per ml of blood)
with a gradual decline during subsequent hours (20-25 billion !

at the 36th-48th hour and 10-15 billion at the 60th-100th
hour). Apd here, just as in the case of erysipelas bacteria
and Listeriae, the greatest degree of virulence did not tally
in time with the manent of most intense multiplication. ‘Wpere-
as in carcasses the virulence of Past. avicida is maximal at
the 12th-24th hour (depending on the temperature at which

the carcass is kept) and at the 24th hour in blood, we have the
post Pasteurellae per ml of blood at the 30th hour.

!

_ It was of interest to know whether Pasteurellae like
erysipelas bacteria and Listeriae would increase in virulence
if cultured more protractedly in blood. Ve staged this ex-
periment with a new strain of Past. avicida with initial viru-

lence of 10°7. We cultured it at 37° in defibrinated shesp
blood taken under sterile conditions, making isolations in
ordinary bouillon at the 24th, 48th, 72rd and 96tn hour. Afte
er 24-hour culturing we diluted the bouillons with physio-
logic solution (each dilution made with a separate pipette)
and titrated it on mice. In blood, virulence increased to

10727 4n 24 hours, to 10~2? in 48 hours and to 10719 in 72

hours, and dropped below 10“15 in 96 hours. 1In contrast to

the erysipelas bacteria and Listeriae, where virulence in-

creased gradually in the event of protracted culturing, as-

suming at the 120th-l4hth hour values $W-1000 times greater

than those at the 24th hour, Pasteurellae were most virulent

at about the 24th hour, after which their virulence rapidly -
declined. By virtue of their rapid and unusually high in-

crease in virulence the duration of this process was short.

Pasteurella pssudotuberculosis also underwent similar
investigations. WTEE Initial vIirulence of 2 * 101, viru-
lence of the strain after 24-hour culturing in defibrinated

(sheep and swine) blood increcssd 2000 fold -- to 10~4 -- a
value close to that for the increase in virulence in 24 hours!

* time in a septic carcass [2].

Multiplication of Pasteurella pseudotuberculosis in
blood also exhitits sisable dilTerences in comparison with
the multiplication of Past. avicida. The number of cells in-
creased gradually -- fr XJ million per ml of blood

om
at the 12th hour, about 2.5 billion at the 2hth hour, 3-4 dil=
lion at the 32nd-3)6th hour, whereafter it declined svenly to
500 million at the 72nd hour, i. e. it reached levels ten

‘. .




times lower than the corresponding ones for Past. avicida.

Pt it e Al AT

0 The curve of postmortal multiplication of Past. pseudo-
tuberculosis (2] is very similar to the curvc of multiplica-
on in defibrinated blood, which is an indicatior of a ceu-

tain stability of the cells as regards the putrefw.ctive pro-
cesses. The actual form.tion of Bipolares septici in the
case of Past. pseudotuberculosis sets in Jater and proceeds *
ore slowly t.EEn In Past. avicida. Its greater lability is
conspicuous in compariscn with the curve of postmortal multi-
plication [5] and the curve of multiplication in sterile :
blood. Whereas in a sejtic carcass the greatest number of . :

" Pasteursllae is at the 12th hour after death and the disinte-
gration of Bipolares begins at the 24th-48th hour, in sterile

blood the maximum is at the 30th hour, and the minimum not be=
fore the 72nd hour.
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Bacterium pyocyaneum. Under the same experimental set-
up with initial virulence of 3 * 10~1l, Bact. pyocyaneum in
sheop blood increased its virulence 30 fold -- to 102 -« in

~ 24 hours, and in swine blood 60 fold -- to 5 * 10-3, with the
death of the mice ensuing several days earlier (those inocu-
lated with the culture in swine blood diad on the 5th day,
while those inoculated with the culture from sheep blood
died, on the average, on the 10th day). This exceeds the
change in virulence in the septic carcasses of guinea p1§s,
C3l.

' where the maximum value of virulence reached wag 2 * 10"
» This fact is probably due to the greater susceptibility of
guinea pigs tc this bacteriunm.

Hith 96-hour culturing of Bact. pyocyaneum in defibrin-
&ted sheep blood, virulence doubles 1in 'couy' pa"[r'Iaon' with the

. the 24th hour (5 * 107). Thus Bact. pyocyaneum, althougn

. Oram-negative, is closer to the erysipe L"h gy'po' - of increase in

) virulence.

Multiplication of Bact. cyaneum in defibrinated .
blood has the following course: a&zﬁﬁ T billion bacteria per
e ml at the 5th-6th hour, about 2 dillion at the 12th hour,

- 700-800 million at the 24th hour, whersafter it gradually in-
creases until the 48th hour (30-4C billion) and sudsequently
drops to 700 million at the 72nd hour, beginning to rise
again (to 2-3 billion) in subssquent hours. The curve of -
maltiplication in blood, as compared with the Pasteurella .
_ .. curves, is reminiscent of the multiplication of Past. avicida
-+ An respect of the extreordinarily high number s

.. She Siplicasion of Pass. ot () in res of

i, - 4t maximam at barely the . ' with the ourve

[
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of postmortal multiplication of Bact. gxocﬁaneum in the blood
of septic carcasses (3], it shows minima erences.

Salmonella typhimurium was also the subject of investi-
gation Into posEmoF%aI changes of virulence, and it was of
int:r:ut to - to what extent these changes would be corrob-
orated.

: With 24-hour culturing at 37° in defibrinated sheep and
swine blood taken under sterile conditions, identical resultg
were obtained: virulence increased 600 fold ~- from 3 * 10~

" to 5 + 1079,

Gradually the number of Salmonellae per ml of blood
increased, with a maximum 3t the 36th hour (about 3 billion),
whereafter it decreased smoothly.

Discussion ¢f Results

The results obtained from the experiments involving the
culturing of Erysipelothrix rhusiopathiae, Listeria monoczgoE-
enes, Pasteurella avicida, Pasteure;IaApseu otuberculosis, Bac~
terium pyocvaneum and Salmonella typhimurium for the purpose
oI tracing the rate and extent ol m&ItIpIication and any
changes in virulence in defibrinated blood in vitro showed
that in this respect the above-mentioned pathogens behave in
the same way as in the carcasses of experimental animals that
died after experimental inoculations therewith. In general-
ized form, these results iare given in Table l.

For Past. avicida the increase is of the order of many
billions of Times; lor Past. pseudotuberculosis in both sheep
and swine blood the incrsase is about 2000 lold; for Bact.

ocyaneum in swine blood 60 fold and in sheep blood old;
?or EE

[m. cxggimurium in both kinds of blood fold; for
Ery. rhusiopathiae fold; for List. monocytogenes 360 fold.
As can be seen from the Table, regardless of the ex-

traordinarily great increase in virulence the inoculated ex-
perimental animals were sick for a longer time.

In general; these data show that in blood in vitro the =
septicemic bacteria multiply intensely and increase their vir- ° - -
ulence to very high degrees. In view of the high multiplica-
tion of Past. pestis in the esophagi of plegue-carrying flesus,
wrich proceeds ii the same way as multiplication in blood in
vitro is here shown by us to eed, it can with great prodba-
bility bo assumed that multiplication in the blood taken by
arthropods will also entail au increass in virulence, liks the

LText continues on page 10]
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Keys to Table 1 (by columns):
A. Pathogen
Be Initial virulence

1-2. 107t "Tonev" strain (T)
3-4. 10~2 "Zhekov" strain (Zh)

Ce Maximum virulence

I, 1=2. Swine 9. Swine

3-4. Sheep 10. Gheep

5« Swine l1l. Swine

6. Sheep i2. Sheep

7. Swine 13. Swine

8. Sheep 14. Sheep
1. 2. 10-12zn
be 107*c Zh

D¢ Increase

2. 10710 zn
L. 10710 zp
5-1‘00 * & @ flold
N E. Mom. ex. letalis
l. 8thday T 8. 10th day
2. 6tn day Zh : 9. 10%h-l1l1lth day
3. ALth day T 10. 10th-llth day
be ‘th d‘y Zh 1l. 8th dﬂy
5. 7th day 12, 8th day
6. Tta-10th d" 13. 4th-5th day

‘7. Sth day li. 4th-5th day




R fonclusions

increase in virulence which we found in blood in vitro. Spe=- ,
cial investigations are in prospect to study this problem. :
Blocdsucking arthropods will be released on inoculated experi- :
- mental animals during the stage of bacteriemia. The rate and
~extent of multiplication will be traced in blood from their
esophagi, while virulence will be traced in cultures isolated i
from them at fixed intervals of time by titration on experi- i
~hental animals.

5
On the basis of the experiments here conducted the fol- P
lowing conclusions can be drawn: !

1. The investigated strains of grfsigelothrix rhusio-
thiae, Listeria monocytogenes, Pasteurella avicida, rasteur- -
eEIa seudotuberculosis, Bacierium pyocyaneum and Salmonells
gggﬁimurium In 2, hours' time Increase their virulence in de-
brinated sheep and swine blood up to values close to or iden-
tical with those which virulence reaches in septic carcasses.

2. The same strains if cultivated for a longer tima
in defibrinated shaep and swine blood increase their viru-
lence several times more than in carcasses. This ia an indica=-.
. tion of the inhibitory effect which the putrefactive processes .
have on virulence and which begins to he manifested in the
later stage of these processes.

Past. avicida constitutes an exception. Its maximum
viruience occurs by the 24th hour, followed by a rapid de- S :
c)ine -~ one more indication of its extraordinary lability. o o

%. Differences between the increase of virulence if S
cultured in sheep blood and if cultured in swine blood are re- - ° ,g
vealed cnly in the case cf Bact. g¥oczaneum. Strains of this ~ L
bucterial species cultivated in swine blood doubled their , D
virulence as compared with strains cultivated in sheep blood SR
and icolrted from carcasses, and inoculated mice died twice as i
rapidly. . : .

L. White mice inoculated with zepticemic pathogens
whose virulence had intensified followin% cultivation in de- , r
fibrinated blood died later in slmost &1l cases than those : {
inoculeted with cultures isolated post mortem from septic car- :
cavnas. .

« Multiplication of the investigated dbacteris in de-.

fibrinated sheep dlood showed values closer (Ery. rhusiopa=.

thias, List. .onosytogenes, Past. gsoudotuborc%*oi!a)fio -
, ' . PR B
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or more diverse {Past. avicida) than those in septic carcasses.

There is a general tendency on the part of the Bigolares sep- - ' .

tici to balloon and be lysed in the defibrinate ood more
slowly. This is emphasized especially well in the case of
Past. avicida and is a sign of its high susceptibility to
putrefactive processes and their products.

6. The results obtained from the investigatious into
the multiplication and increase in virulence in blood in vitro
of six species of bacteria from the group of septicemic and
blood pathogens gives us the basis for proceeding to the ngxt
stage of work from tais point of view, viz. to undertake in-
vestigations to trace the manner in which septicemic and
biood pathogens multiply and perhaps increase in virulence in

infinitesimal quantities of blood taken by bloodsucking arthro=-

pods in transmissive infections.

Study of this question is of extraordinarily great val- -

ue in order to clarify the actual rele and significance of
Arthropoda as a factor not only in disseminating infectious
diseases of this group but alsc in increasing the amount and
intensifying the virulence of the infectious principle.

Submitted to press 26 November 1964k ' i
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it (\ SUMIARY
P . The autiiors traced“’;’.he multiplication and change in
{  © virulenceWf Erysipelothrix rhusiopathiae, Listeria monocytog-
L .. enes, PasteureI¥a avicida, Pasteurella pseudoyuberculosis,

' under sterile conditions.:
Multiplication in defibrinated blood shows values close

..+ rhusiopathiae and List. monocytogenes bacteria per millili
EEREENR -} § 5!00% occurs in 2% hours (about 2.5 billion); for Past.

: avicida the maximum is established by the 30th hour and the
number of microorganisms per ml reaches huge quantities --

' " PaeterIum pyocyansum and Salmonella typhimurium when these
1 o were cultured %n deT'ibrinated sheep ang swine blood takan

30-40 billion. The situation ix approximately the same with

: -5ﬁ" Bact. pyocyaneum as well, except for a maximum at the 48th
= houre Easé. ﬁ%eudotuberculosis and Salmonella typhimurium

- have an intermediate ranking in this reapect.

. The authors also established differences between the
- rate of ballooning and disintegration of Bipolares in blood
~ - and in septic carcasses, most markedly pronounced in the case
of Past. avicida. The more rapid formation and lysis of
Bipolares in carcasses are due to the great susceptibility of
Pasteurellae to putrefactive processes and their products.

.

b >The increase in virulence, determined by the difference
fﬂ3 . between initial virulsnce and virulence after culturing in

- blood in vitro for 24 hours at 37V°C, 18 "specific for each
i . of the six investigated species of bacteria. For Past. avi-
! /" cida virulence increasgs many billion fold; for Past. pseudo-
© % Yuberculosis about 2000 fold; for Bact. pyocyaneum -- in
* ,+%,_ - blocd -- 00 fold and in sheep blood 30 Toia, Tor o

murium 600 fold; for Ery. rhusiopathiae 60 fold and Xor Y

' monocytogenes about J old. . .

S . Regardless of the exceptionally great increase in
~ virulence the experimental animals in almost all cases die
later than animals inoculated with cultures isolated post
. mortem from septic carcasses.

These same strains when cultured for an even longer
time in defibrinated sheep and swine blood continue to in-
creass in virulence up to values several times greater than

" those in carcasses. s is an indication of the inhibitory
.+ effeot which advanced putrefactive processss in carcasses,
. tozether with their products, have on virulence. B

- 12

to the values in septic carcasses. The maxinum number of Ery.
er

* Tor Salm. typhi-
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All these results provide a basis for undertaking in-
vestigations in order to trace the extent to which the numbers
and virulence of septicemic pathogens increase in blood ~-=
even in the infinitesimal quantities of blood taken by blood-
sucking arthropods in transmissive bacterial infectlons. Thie
would clarify experimentally the actual part played by, and
the significance of, Arthropoda in the episootiology, epi-
demiology and natural foci of a considerable number of eC~
tious diseases. - ,

13

B RN R e 7 RS B R e

SE LA

e B 8 i

Ca T S PEN




