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SPATHMINT OF THS ¥ROBLM

Many investigators bave demonatrated the oxistonce of antinicrobial
substances in blood serum, leukooytes, platelets, and other tissue fluids. The
ksajority of these sibstances, dependent on complement snd properdin for their
action, have boen well defined for the gram negative organisms.

Studies on antibaoterisl factors agsinst gram positive organiams
have been conducted with only a fev species of this group., The sewa of hunans,
rabbits, and rats have been studied exitensively for their sotivity against
Baoillus gubtilis, Sowe studies with the same organiom have been done with
platelets or platelet extracts.

Human and rabbit sera have also boen extensively studiad for mi.r.
A great deal of confusion has arisen

regarding the identities of the anti.staphyloooccal fastors and their role in
natural resistance to the infectious processes.

The aim es»f the present study is a syotematio comparisen of the anti-
stazhyloooccal aativity of rabbit and wat mmm with respect to anti-
respiratory and bacterieidal action against both occagulase positive and coagu~
lase nogative etachyloccool.




HISTORY
1. Antibacterial Factors in Sexum and TPissue.

Pactors present in normal serum ageinst bacteria have been de-
seribed as bactericidal, bacteriostatic and antirespiratory. The bactericidal
effect of serum for gram positive organisms was independent of complement, and
attributed to the B-lysins (Petterssom, .., 1926). He found that the beta-
lysin was unlike alexin in that it acted principally againet gram positive
bactoria., It required temperatures of 64°® to 75°C. for one half hour to
become inactivated, withstood dialysis and exiraction with fat solvents, and
was sorevhal active at low temperatures,

Mackie and Pinkelstein (1932) reported a thermostable substance in
animal sera that withastood heating at 55°C., for one half hour and was active
only against gram positive bacteria. They obtained most frequent and most
pronounced effects with an attenuated strain of Bagillus anthracis, avirulent
pnsunococel and Microcogous lysodeikticus. This thermostable substance
appeared to be unrelated to "plakins", "leukins', or "lysozyue". They
arranged varicus animal species in descending order of the activity of
their "thermostable" bactericidins: Rabbit (most active), rat, horse, human,
pig, sheep, ox, guinea pig and pigeon (rarely active). They also conocluded
that individual animals of the same species vary oconsiderably in the
bactericidal activity of their seran.

Tillet (1937) reported a bactericidal substance sgainst hemolytic
streptococei in the sera of patients with acute infections. This substance

was present in high éaaaantmtion during the acstive phase of the disease,
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but was absent or maﬂy diminished in potency after recovery. The anti-

streptococcal substance was absent, in all instances, in normal individuals.
In 8 sories of papers, Myrvik and his assooiates (1955, 1956) in-
vestigated a serum baotericidin active against Bagillus subtilis and Micro-

gocous pyogenes var. albug. und quantitated this bacterieidin in the sera
of rat, rabbit, human, guinea pig, cow and dog. High levels of bactericidin
wore found only in the rat and rabbit sera. Sera of healthy humans contain
only small smounts of antimte.ria.l substance, but the levels were incroased
saveral fold during the aoute phass of various illnesses. They were not
successful in their attempts to extract bactericidin substances from liver,
spleen, polymorphomiclear leucocytes and monocytes of rabbits.

Hyrvik ot al. (19%8) found that the antibacterial substance in
human serum required both caleium ions and bicarbonate ions for its
aotivity, though only bicarbonate ions were required in the rebbit system.
Bactericidal activity of rabbit serun was lost upon dialysis in saline, but
was restored upon the addition of bovine serun dialysates. The antibacterial
aotivity showed a wide range of pH (from 6-9), but was lost at pH ranges
from 3~5.

¥yrvik {(1960) was able to demonstrate that the serum bactericidal
activity wvas due to two non-dialyzsble components; coumplement and lysozyme
wars excl'éﬁe& as participants. Component I from rabbits wes sble to form
& complete dacterdcidal gystem with component II from human serum. HNafl et al
{1958 showed that the serum level of bactericidin activity againast
B. subtilis was grestly elevated in patients with myocardiasl infarction.

This finding confirmed Tillet's work.
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- Jacox {1950) reported on a bactericidal factor aguinst B. gubtilis
found in patients with acute infections, carcinomas and other diseaves., This
bactericidal substance was not related to conplemont, Ceresciive protein,
or to specific antibodies. Jacox's bactericidal factor was insctivated by
decalcification of the sorum, but regained activity when an optimal concen-
tration of calelunm was added. The addition of magresium did not cause
reactivation of thiez substance.

Hirsch (196C) studied platelets as a source of baetericidal factors

against B. gubtilis, Bacillus megaterium and J. gurous. Uerun derived from

plasma which had been centrifuged in siliccnized glassware to decorsase the
minbey of platelet showed a much reduced bactericidal activity against these
gran positive organisme when compared with serum obtained from platelet rich
vlasma. FPlatelst rich plassa wes as active as serun obbained from blood
alloved to olot normally. The substance released by piatelets during the
clotting process was heat-stable, and was not found in heparinized or
citrated plasma. Human plateleterich plasma was less bactericidal than
rabbit platelet rich-plasma.

Furthar studies on platelet action agninst B. gubtilis by Jaso and
Jacox (1561) indieated that rabbit and rat platelets contained two non-
dialyzable components, which, togather with bicarbonate ions, produced
potent bactorieidin for B. subtilis. The authors eclaimed that the plate-
let factors aprear to be identical to the serum bactericidal substances,
and sugzgested that disruvtion of platelets during bdlood clotting releases

the ulatelet factors into the serun.
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| Both components are present in rabbit and rat platelets and are
absent in normal human platelets. Component I is present in high cémen-—
tration in rabbit and rat sera, but is either absent or present only in
low concentrations in sheep, bovine, horse and human sera. Component II

is found in sheep, horse, bovine, rabbit, rat and normal human serum.

2. Antistaphylocooeal Factors

"The close correlation between the ability of staphylococel to
clot blood plasma and their capacity to produce disease, and the correspond=-
ing absence of this property in non-pathogenic strains, have led to the
assumption that the enzyme, coagulase, plays some role in the pathogenicity
of disease." (Blair, 1962)

Hale and smith (1945) reported on the influence of coagulase on
the phagooytosis of staphylococci. They observed that coagulase negative
strains were readily phagocytized in ecitrated blood, while coagulase
posisive strains were not. Furthermore, with certain species of animals,
inhibition of phagocytosis was demonstrable with plasma not normally
coagulable by coagulase, provided that coagulase activator was added to the
nixture.

Further studies on the role of coagulase in staphylococcal in-
fections by Smith, Hale and Smith (1947) suggest that coagulase is a major
factor in the initiation and development of staphylococcal lesions, but that
once the organisms have gained a foothold, other factors come into play.

iogers and Tompsett (1352) observed that coagulase positive

staphylococei ultimately were ingested by leukocytes and were capable of sur-




vival within leukocytes for a longer period of time than occagulase nega-
tive organisms, |

spink and Vivino (1942) reported that coagulase positive strains
of starhylocooci resisted the bactericidal aetion of human defibrinated
blood, much wore so than coagulsce negative strains,.

Studies by skstedt and Nungester (1955) and Ikstedt (1955) re-
vealed that normal human serun contains an antistaphylococcal factor and
that ite activity can be inhibited by the addition of exogenous coagulase.
Myrvik (1956) was unable to confirm the role of coagulase in the neutrali-
zation of this serum factor. Unlike Zkstedt, he found that the addition of
crude coagulase to rabbit sera did not impair bactericidal action toward
susceptible bacterdial strains., It should be pointed out, however, that
¥yrvik worked with rabbit sera, and he used crude coagulase and visual
methods to determine bactericidal activity, whereas ikstedt worked with
human serum and partially purified coagulase, and used plate counts to
determine the action of the antista:hylococecal factor.

It has been s:own that human sera has less bactericidal activity
than rabbit sera under the same conditions (Myrvik, 1956).

Metcner (1962) showed that the antistaphylococcal factor is
demonstrable for coagulase negative strzins, in serum diluted %0 a concen-
tration of 17.9 per cent and buffered pi wvalues of 8.2 - 8.,8. The staphylo-
coccus inkibitor was stable to beiling for ten minutes and was not destroyed
by the addition of heat killed orgenisms or by the addition of concentrated

preparations of coagulase. Howewver, many proteinaceous materials, including
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peptone, destroyed the inhibitor when added to the serum in fairly high
(5% )concentrations.

Borowski and Tybusz (1963) established a correlation between
the quantitatively expressed ability of staphylococel to produce coagulase
and their resistance to the bactericidal action of human sera. They cone-
cluded that human sera contain different quantitios of antigtaphylecocoal
factor.

Totis and tkstedt (1960) have shown that the antistarhylococcal
serum factor is localized in a water soluble globulin fraction of human,
rabbit and horse sera and has a direct lethal, and partially lytie, action
on coagulase negative sta hylococei.

Yotis (1962) reported further jurification of the human serum
antistaphylococeal factor. He found that this partially pirified serum
factor waa able to protect mice when virulent staphylocoeel wore sub-
Jected to its action for one hour before injection.

Recently, Donalson et al. (1964) described a method for the
purification of beta lysin from normal rabbit serum. This method, which
involves filtration and elution of the absorbesd beta~lysin from Seits
filters, resulted in & 1000 - 50CC fold concentration of the active
substance.

5« Respiratory Aetion

Martin (1932) sucgested the oxygen consumption of growing cul-
tures of bacteris as a oriterion of growth.

Grieg and Hoogerheide (1941) showed that oxygen uptake of

growing oultures of bacteria was directly proyortional to bacterial
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content. This relationship was valid for Iroteus wulgaris, 3. aureus,

Fgeudomonas fluorescence and a yeast. Under favorable conditions, measure-

ment of the rate of oxygen uptake constitutes a convenient method for the
measurenent of the rate of growth.

Wood et al. (1958) described a method for measuring the anti-
bacterial activity of sera from different animal species aguinst B.subtilis.
They used the Warburg apparatus and did concomitant studies with the micro
Kijeldahl to confirm their results. Yotis and fkstedt (1959) showed that
coagulase positive straina of staphylooocei respired in human serum mach
more actively than did coagulass negative strainsj although coagulase
positive and coagulase negative strain oxidized glucose and pyruvate equally
well, The addition of purified coagulase to the system stimulated the
respiration of both coagulase positive and coagulase negative strains. The
negative strains were stimulated about twice as much as the positive streins,

Bornside et al. (1963) showed that serum of patients with neo-
plastic diseases have an alevated antirespiratory activity againet a sirain
of B. subtilis. They did not observe this antirespirafory activity with
sera from normal individuals. Further work by Bornside et al. (1964) in-
dicated that the antirespiratory activity of serum was diminished by being
heated at 56°C. for thirty mimites. The antirespiratory activity was
decreased by the addition of excess ferric ions to the system, though re~
versal was not, however, obtained by the addition of transferrin. Addition
of alumimum, magnesitz, manganese, copper, cobolt or zinc ions had no such

effect. The effect of ferric ions was on the serum and not on the bacilli.
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A two-fold dilution of rabbit serum eliminated antirespiratory activity,
but showed less effect on bactericidal activity. The bactericidal activity
of rabdbbit serum was detected quickly upon mixture of serum and bacilli,
but the antimapimtoxy effect was usually discernible after two hours. Ry
these nethods of assay, there was no statistically significant association
between bactericidal and antirespiratory activity. Alcoholic fractionation
of serum indicated that the antirespiratory agent was a globulin, but
study of globuline from man and animels failed to identify any single globu-
lin as the consistent antirespiratory agent.

4, Absorption Studies

Absorption methods have been applisd in the removal of related
or closely related substances from a system., Jacox (1950) used C-carbohy-
drate and pneumococcus XAVII in an attempt to remove bactericidal activity
against B, subtilis from human sera. His experiments reweal that bacteri-
cidal activity was atill present in the absorbed sera.

Myrvik and Wieser (1955) claimed that the bactericidin in rabbit
serum against 3. subtilis was of cationic nature readily absorbable by
bentonite,

Yotis (1963) showed the antistaphylococcal factor to be ab-
gorbed by both coagulase positive and coagulase negative staphylococci and
by B. subtilis. Escherichia coli, Neisseria gatarrhalis, Bacillus megs-

terium, Proteus vulgsris, Mycobacterium phlei and iaccharomyces cerovigiae

failed to absord the serum factor.

Fletcher (1962) claimed that the inhibitor in human serum for
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coagulase negative staphylococei was not abolished by live or heat-killed

suspensions of 5. aureus or by coagulase.

It seens that Fletcher wurked

with a system somewhat different from those of Jacox, Fyrvik and Yotis.
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MATSHIALS AND METHUDS
Cultures: Forty-four cozgulase positive and coagulase negative

strains of Itarhylococcus aursus were tested for glucose and De-mannitol

utilization, gelatin liquification, pigmentation and coagulase production.
Fermantation of cerbohydrates was done both anaerobically and asrodbically
according to the method of Hugh and leifson (O~-F mediws, 1953). The basic
modium consisted of 0.1% casitona, C.l7 yeast extract, 0.057% Tris
(Hydroxymetbyl) aminomaethane buffer, C.3% sgar, 0.5 NaCL and 0.0015
bromethymol blue as indicator, The pH wac adjusted to 7.5 with C.1H HaOH.
Daxtrose and D-mannitol were prerared in 109 concentration and sterilized
separately. Ten ml of the respective carbohydrates were added useptically
to 90 ml of the above medium, giving a final concentration of 1%

?wo tubes of each sugar broth were inocculated per culture. To
ong tube 0.5 ml sterile petrolatum was added to establish wunuercobic cone-
ditions. Culiures were incubated at 37°C. for 48 hours after which they
were read. The nutrisnt gelatin culiures were incubated at 37°C. forxr 7 days,
then placed in ocld water until the control wes solid. Trypticase soy broth
and Trypticase soy agar (BBL) were inoculated and incubated at room tem-
parature for 48 hours and then checked for pigment production and grum
gtain reactions.

Five strains of each, coagulase positive and cocagulase negative
staphylocoecl, were selectad for studies of serum factor é.ctivity. These
strains were kept in stock on Trypticase soy agar slants in sorew capped

tubes, Transfer to new slants was done every two wesks. IJach transfer
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was follomd by coagulase titration and sugar utilization to make sure mo
changes had taken place on storage. |

Cospulase titration: Coagulase titrations were done on the

supernatant of oultures grown for 24 hours in Brain Heart Infusion broth
{Mfco), Ome half ml of fresh rabbit citrated plasma (1/% citrate),

diluted 1tk in sterile 1 Bacto peptone saline was added to each 0.5 ml of
supernatant. ‘hen dilutions of supernatants were required, these were done
in sterile 1% peptone saline. The supernatant plasua mixture was incubated
at 37°C. for 4 hours and then checked for clot formation. The tubes were
then left at room temperature for 24 hours. If no clot was apparent at this
time, the culture was described as "coagulase negative".

sSera: Serum was prepared from blood cocllected from the central
ear artery of adult unanesthetized New Yealand rabbits, and from the
dorsal artery of adult male rats anesthetized with ether. Blood was allowed
to clot for one hour. The clot was riumed with sterile a;;licator sticks
and then centrifuged for 15 minutes at 2,5C0 rpm. The clear serum was
gseparated from the clot and re-centrifuged for ten mimtes at 2,500 rym.
Unless specified, ths serum was used in all instances within two hours after
bleeding.

Serum Antirespiratory Activity: Several staphylococcal strains
were used in this study. Cells were harvested routinely from an 18 hour
culture of heavily seeded Trypticase soy agar (BBL) plates incubated at
37°C. The oells were washed two times in sterile distilled water and then

resuspended in 5 ml sterile distilled vater with a few glass beads. 4
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homogeneous suspension was made. The cells were adlusted to an optical
density of 1 (50 Klett unite) using a 420 millimicron wave-length blue
filter. Saerum antirespiratory activity was measured manometrically accord-
ing to the vWarburg method of wood et al. (1958). The total Warburg flask
volume of 2.2 ml consisted of 1 ml serum, C.5 ml cells (5CC Klatt units),
0.5 ml of C.li potassium phosphate buffer st pH 7.2, and C.2 ml of Log: XKOH
in the center well. Two flasks were used for sach strain and 2 flasks
containing buffer instead of serum served as the endogenous respiration
oontrol. The flasks were equillibrated for 15 min at 37°C. Subseguent
readings were taken every 15 mimutes for the first hour and at 30 mimate
intervals thersaflter. The mean volume of oxygen consumed by the endogenous
control was subtracted from the mean voluwe of oxygen consumed by each
strain., The difference was used to caloulate microliters of oxygen uptake
per mg. dry weight of cells.

Dry weights were determined by drying at 95°C to coustant
woight 10 ml portions of washad bacterial suspensions adjusted to a Klett
reading of 5G0C., #ive samples were used for each strain and the mean dry
welght was recorded. Oxygen consumption was calculated per my. dry weight
of each strain.

Jerum Bactericidal Activity: Cells for serum bactericidal

activity were grown in 10 ml of Trypticase scy broth for 18 hours. Cul-
tures were gram stained prior $o their use. Cells were harvested by
centrifugation and washed 2 times in sterile distilled water. The packed

cells were resuspended in 5 ml of sterile distilled water with a few
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glass beads. A homogensous suspension was prepared by mamual shaking. The
culture was then adjusted to an optical density of C.1 (50 Klett unité}- by
the use of a 420 millimiocron wave-length blue filter. This suspension was
found to contain from 10 to 5 x 107 cells per C.1 ml.

One-tenth ml (C.1 ml) of cell suspension was inoculated into
2 ml of serum in a heavy wall conical centrifuge tube and incubated at
37°C. for 18 to 24 hours. Then a C.1 ml sample was removed and dilutions
made for plate counts.

Flate Countg: Dilutions were made in sterile distilled water,
One tenth (0.1 ml) ml of the proper dilution (previously determined) was
inoculated inte 15 ml of Trypticase soy agar and a plate poured. Two
different dilutions were plated per atrain. The plates werc incubated at
37°C. overnight. The colonies were counted in each plate and multiplied
by the dilution factor to obtain the number of organisns per ml. The re-
maining portion of the serum culture was centrifuged at 5,000 rpm for
15 mimites. The packed celle were washed two times and then they were
resuspended in % ml distilled water with glass beads. After shaking it to
obtain a homogeneous suspension, the optical density was taken using a
420 millimicrons wave-length blue filter.

Praliminary studies indicated that bacotericidal activity could
be demonstrated within 2 hours. However, concomitant atudies of both
bactericidal activity and optical deneity were desired for the present
study. Therefore 18-24 hours were allowed to elapse before plate counts

and 0.). measurements wore nmade.
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‘salts: C.MM stock solutiona of sodium oxalate, sodiun citrate,
rnagnesium chloride, and ealcium chloride were prepared. solutions ofl
ferric chloride (FeCLS), manganese sulfate (x»msou.azo), magnesiun chloride
(MgCLQ-GHZO) and zine sulfate (z:u:so,;mzo) were also prepared at & concenw
tration of 3C mg per rl.

Abgorption Studiess

l. Bentonite. Two grams of bentonite (200 mesh), were suge
pended in 100 m1 saline and boiled for 3¢ minutes. The boiled suspension
was centrifuged at 3,000 rpm for 15 nimutes. The supernatant wes discarded
and the sedimented bentonite was washed 2 times in sterile saline. The
washed bentonite was resuspended in 200 ml sterile saline, a homogensous
suspension prepared and the solution was stored in the icebox.

For absorption experiments, the stock solution was shaken
vigorously by hand and the ap:ropriate amount (1C ml = 1GC mg) pipetted
into a ocentrifuge fube; this was then centrifuged at 5,00C rpm and the
supernatant discarded. The sedimented bentonite was used to absordb serum.

2. Cells. Cells for absorption were grown in 20C ml Prypticase
soy broth for 18 hours at 37°C. Then the cells were heat-killed at 6C°C.
for 1 hour and centrifuged at 3,00C rpm for 15 mimutes. The supernatant
broth was discarded, the sedimented cells were washed 2 times with sterile
distilled water and the packed cells used to absorb 2 ml of sexum.

Absorption 'rocedures: Homogeneous suspensions of cells or

bentonite and serum were inoubated at 37°C. for one-half hour, followed by

1% hours at 4°C. The abaorbed mixture was then centrifuged at 4,000 rm
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for 15 mimites. The clear serum was transferred to & heavy wall coniecal
centrifuge tube and centrifuged once more at 5,000 rpm for 15 minutes. The
clear serum was collected aseptically, placed into screw cappad tubes, and
used for bactericidal tests. rour plates were made with samples of the

serum to check foxr sterility.
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RASULTS

Survey of Straing:s Forty-four strains of staphylococci recently

isolated from clinical cases werc studisd for a)ocagulase production,
b)glucose and d-mammitol fermentation, o)gelatinase activity and d)pigmen-
tation. {able I shows the results of the study. Geventy-seven per cent
were classified as jtarhylococcus aurcus. The other 23% were oconsidered to
be staphylococcus gpidermiditis. Ninety-six per cent fermented glucose,
and 77% fermented d-mannitol. Seven per cent oxidiszed d-mannitol and 16
did not. Ninety-one per cent liquified gelatin and 68% produced yellow
pigment. Twe strains which did not utilize carbohydrates at all were dis-
carded. Those that oxidized d-mannitol were also thought unsuitable for
the present study.

The coagulase positive strains selected for further study clotted
citrated plasma within & hours. The coagulase negative strains selected
failad to clot citrated plasma within 24 hours, did not utilize d-mannitol
or liguify gelatin,

lietabolic Studies: Fiwe coagulase positive and 5 coagulase

negative strains were selected for metabolic studies. The oxygen uptake
in air was determined manometrically with Trypticase soy broth (T5B),
Rabbit and lat serum as substrates. Figure I siows the respiration of both
coagulase positive and coagulase negative staphylococei with 7SB as sub-
strate. It can be seen that both coagulsse positive and coagulase negative
strains respire equally well in broth. lthough the respiration rate of

coagulase negative strains is a little less than that of coagulase positiwe
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strains, the differences are amall. The endogencus respiration for the
| tvo gmupa‘ was 80 similar that the data were averaged and plotted as ons
curve.

Figure I1I shows the respiration of coagulase positive and coagulase
negative strains with rabbit serum as substrate, The data revealed that
coagulese pesitive strains respire very well in rabblit serum, while coagul:se
negative strains respire very poorly. This difference was atiributed to the
presence in rabbit serum of an antirespiratory factor against ocagulase
negative staphylocoeei, This factor is not apvarent with coagulase positive
strains., This may be due to the ability of coagulase %o neutralize the
serum antirespiratory activity. (Yotis, 1963)

Flgure 111 shows the respiration of coagulspe positive and
coa;ulase negative staphylocooci with rat serum as substrate. This figure
shows that coagulase positive strains respire much better than do coagulase
negative strains.

A comparison of the oxidation rate ¢f the coagulape positive and
congulase negative strains in rabbit and rat sera (Figure IV) indicates
that coagulase positive strains respire guch better in rabbit serusn than
in rat serum. Coagulase negative sirains respire in rabbit serum almost
as wall as coagulase positive strains do in rat serum. These differences
might bs dus to the presenge in rat serunm of move antibacterial faetor
against stahylococci than in ravbit serun, The differences in oxidation
rate of coagulase positive and coagulase negative strains in rat serum are
not as marked as the differences in the oxidation rate of theee strains in

rabbit serum,
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ffeot on Antirespiratory ictivity by rferric Ilon: Bornside et al.

{1964) showed that the antirespiratory activity of varlous sera against

B. subtilis was reversed by the addition of ferric ion to the serum. ix-
periments were performed to determine the concentration of iron needed to
revorse the antirespiratory activity of rabbit serum. Table (I showe the
oxidation of rabbit serum with both coagulase positive and coagulase nega-
tive staphylococoi with various concentrations of ferric ion. 1In the
presence of increasing amounts of ferric ions, the inhibitery effect of
rabbit serum on oxygen consumption by coasgulase nesative staphylococel

was decreased. The oxygen uptake anvroached that of the coagulase positive
otrain controls and in some cawes it exceeded the controls. It was noticed
that the decreased effect on the system was most pronounced with 1.5 mg of
iron per ml of serum. Subsequent experiments were thus set up using 1.5 mg
of iron for the reversal of antirespiratory aotivity of both rabbit and

rat sers, Figures V, VI, and VII. Studies using glucose and ATP as sub-
gtrate indieated that the reversal of antirespiratery activity by ferrie
ions was due to some direct mction of ironm on the serum and not on the cells,
Figure VIII siows that ferric iouns has no effact on the respiration of
coagulase negative stavhylococei when glucose is used as a subatrate.

Ferric ions was the only metal effective in decreasing respira-
tory inhibition. Vhen the same ocncentration of cther metal lons was
enyloyed, the following were without effeot: magnesium chloride, zinc sulfate
and manganase sulfate (Table I1I).

Bactericidal fctivity:s The kinetics of bactericidal activity
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were investigated using rabbit and rat serum. One tenth (0.1) ml of
culture witﬁ optical density of 5C Klett unite was incoulated in 2 ml of
rat and rebbit serum and in TSB. Jamples were incubated at 37°C. for 18
to 24 hours. One tenth ml portions were removed, serial dilutions were
mads in sterile distilled water and Trypticase soy agar plates were poured.
The rest of the sample was centrifuged, washed 2 times in distilled water,
resusponded in 5 ml dietilled water and the optioal density was determined,
Pigure IX shows the growth of coagulase positive and coagulase
negative staphylococci in T5B, rat and rabbit sera measured turbidimetrieally.
apparently the coagulase positive strains multiply in rat and rabbit sers
at about the same rate as in broth. ZEven though there is some difference,
this difference is not promounced. On the other hand, coagulase negative
gtraine failed to multiply in rat and rabbit sers, but grew just as well as

the coagulase positive strains in the Trypticase soy broth.

2ffect of Inooulums Different concentrations of the bacteria were
inoculated into rat and rabbit sera to determine if there were a difference
in the ocncentration of antistaphsloccceal factor in the two specles.
7able IV shows the growth of coagulase negative staphylococcl with in-
creasing concentrations of inoculum measured turbidimetrically. With
rabbit sexum the coagzulase negative staphylococcl grow well when the
inooculum is increased to an optical density of C.2., However, the saume
was not true for rat serum, which required an inoculum of an optical den-
sity of 1.4 before growth could be deteoted. This indicates that the

bactericidal setivity of rat serum against cosgulase negative staphylocoocoi
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;is much greater than that of rabdbit serum for the same organisms. With
coagulase i)ositive organisms there was growth in both rat and rebbit sera.
However, the growth of these strains in rat serum was oconsistently less
than that in the rabbit serum.
iffect of Dilution on the Bactericidal Aotivity of Rat and

Rabbit Serum: Rat and rabblt sera were diluted in Trypticase soy broth.
Table V shows a tyuvical dilution experiment for coagulase negative staphylo-
coccl. A dilution of 20% (1 part broth plus & parts serum) of rabbit serum
srowed no bactericidal activity azainst coagulase negative staphylococci.

(n the contrary, it took a 50% dilution (1 part broth plus 1 part serum)

of rat gserum to deorease bacterioidal activity by 100%. 2Again these
differences showed that rat serum is much more potent in baotericidal ac-

tivity against these strains than is rabbit serum.

Seras it and rebbit sers were heated at 56°C. for 30 minutes, 56°C. for

1 hour, 60°C. for 1 hour, and 60°C, for 2 hours. Bactericidal tests were
performed with the heated and the unheated sera using 0.1 ml culture with
an optical density of 50 Klett units as inoculum. Table VI shows a

typical experiment on the effect of heat on the two sexra., Although optical
density measursments were not reliable as a measure of antibacterial
activity in this test, poured plates showed the antibactaerial activity‘

of both rat and rabbit serum is not destroyed by heating each serum at 56°C.
for 1 hour. Therefore the antibacterial activity of rat and rabbit sers is

not dependent on comclemant and properdin since these two substanoces are
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heat labile and destroyed at 56°C. for 30 minutes. Heating at 6C°C. for 2
houru destroyed the bactericidal activity of both rat and rabbit sera.
Differences between Jerum and Flasma on the Bactericidal Activity

Against Coagulase Negative Staphylococeis Fresh rat and rabbit sera and

fresh oitrated plasmas were used in an experiment with coagulase nagative
stavhylococci, Table VII shiowa that the sera had a potent bactericidal
offact on coagulase negative staphylococci, while the citrated plasma did
not show this effect. The addition of calcium ions sufficient to clot the
plagma did not restore the bactericidal activity.

Effect of Calcium ione on the Bactericidal Activity of Rat and

Rabbit Sera Agminst Coagulase Nepative Staphylococcit In view of the diva-

lent cation requirement for the antibacterial substance in human and rabbit
sera (Jacox, 1950; and Myrvik et al. 1958), it was anticipated that sodium
eitrate and sodium oxalate would inactivate the bactericidal activity of
rat and rabbit sera and that this activity should be rectored to its
original activity by the addition of divalent cations such as calcium and
magnesium, rxperiments were performed by adding 0.3 ml of 0.4M solutions
of sodium citrate and of sodium oxalate to 2 ml of rat and rabvbit sera.
ifter fifteen minutes aquimolar coneentrations of calcium chloride, magne~
sium chloride, and sodium chloride were added. A one-tenth ml inoculum of
an optical density of 50 Klett units was inoculated into each sample. These
were incubated at 37°C. FPoured plates were made at 2 hours and at 20 hours.
Table VIII shows the results of such experiments. 7The results

indicate that calcium ions are not ocapable of reactivating the system
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once it has been dastroyed by sodium citrate and sodium oxalate. 4lthough
certain bacterieidal activity was observed in oxalated serum, no increase
in trdis activity could be demonstrated afier the addition of calcium ions
to the asysten. Magnesium ions were also without effect.

Absorption sxperiments: Myrvik aend Weiser (195%) were able to

absorb bactericidal activity against B, subtilis from rabbit serun by
the use of bentonite particles. Yotis (1963) showed that the anti-
staphylococcal factor of human serum was absorbed by coagulese positive
and coagulase negative stathylococei and by Be subtilis, but not by some
other crganisns.

sxperiments were set up for absorpiion emyloying 1C0 mgs of
bentonite per ml of serum and the heat killed washed bacterial cells of
200 =l overnight cultures of Jischericiiia coli, Sireptococeus pyogenes,
Je aureus, and 5. gpidermiditis. Absorption was done by inoubating ssrum
and absorbing particles at 37°C. for one-half hour followed by one and
ons-half hour incubation at 4°C. The cells were collected by centrifuga-
tion and the clear supernatante were used for bactericidal tests. Table IX
shows the mean wzlues of five experiments. The experimental data showed
that the bactericidal activity of rat and rabbit sera is absorbed by both

3. aureus and U, gnldermiditis. The activity is somewhat reduced by

Lo goli and 3. pyopenes with rabbit serum and is absorbed by bentonite in
rabbit serum. The bactericidal activity of rat serum is somewhat decreased
by bantonite but not absorbed by I. goli or 3. pyosenes. These experiments

show that there is a difference between the bactericidal activity of
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rat and rabbit sera, whéther or not this difference is due o a differ-
“ence in concentration of antibacterial factor of the two specles cannct
be decided from the above experimenta,

sffect on Bactericidal Activity by Ferric jons: Studies by

Bornside et al. (1964) showed that serum antireapiratory activity against
B. subtilis was decreased by the addition of ferric ions to the serws.
Bactericidal tests were done employing 1.5 mg ferric chloride per ml of
vat and of rabbit serum. Table X shows the results of a typical experi-
want. The addition of 1.5 mg of ferrie chloride to the serum completely
inhibited the bactericidal activity of both rat and rabbit sera, and thus

Bornside 's results were confirmed.
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The antibacterial activity of rat and rebbit sera is similar in
many respects: a) heat stability, b) inhibition by ferric ions, ¢)absorp-
tion by staphylocoecci, 4) and once inactivated by sodium citrate and
sodium oxalate not being restored to its original activity.

It is clear that both rat and rabbit ssra have a remarkable
capucity to inhibit multiplication of coagulase negative staphylococoi.
This inhibiting effoot was not, however, found ageinst coagulase positive
strains of staphylocoecei.

slthough coagulase negative strains of staphylococel respive
poorly in rat and rabbit sera as ocompared with coagulase positive atrains,
both coagulase negative and coagulase positive strains respire bstter in
rabbit serum than they do in rat serum. A 207 dilution of rabbit serum
abolishes its bactericidal amctivity, while it takes a 507 dilution of rat
serum to abolish its hactericidal activity. Murthermore, when the inoculum
vas increased, it was evident that rabbit serum did not deatroy bacterial
concentrations that were readily destroyed by rat serum. This indicates
that the antibacterial activity of rat serum is much greater than that
of radbit serun.

Certain characteristics of the serum antirespiratory and bacteri-
cidal substances are of signifiocance in differentiating them from specific
antibody protein. The one of greater importance ia that staphylococcal anti-
respiratory activity and bactericidal action can be decreased by the

addition of ferric ion to the agystem.
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jince no difference could be found between the oxygen uptake of
oells in glucose alone, and in glucose plus ferric ions, it would seem
that ferric ions acted directly on the serum and not on the cells.

4 great difference was found in the concentration of ferric iuns
required to decrease the antirespiratory activity of staphylococel and
that of B. subtilis. ‘hile Bornside (1964) used 30 micrograms of ferric
ions for the inhibition of antirespiratory activity apainst B. subtilis,
the same system for staphylococei required 15CC microgrsms of ferric lens for
complete imhibition. It should be pointed out that normal asnimal and human
sera contain 94 to 143 microsrams of iron per ml {Ramsey, 1953) and thus
the need for 15CC microsrams of this metal for the inhibition of serum
antistaihylocoocoal activity represents an entirvely artificial situation for
the establishment of staphylococci in the host.

The re;orted antibacterial activity againast B. subtilis may be
due to a number of serum proteins., This possibility is indicated by the
reported variations of heat inactivation characteristics of antibacterial
factors. While the serum bactericidal substunce was murkedly inactivated
after heating at 56°C. for 60 minutes (Jacox, 1950), and completely
destroyed after heating at 60°C. for 2 hours (tyrvik et al., 1955), the
bacteriostatic substance withstood 60 minutes of heating at 56°C. (lMartin,
1962). The antirespiratory agent ie described as withstanding heating for
30 minutes at 56°C. (Wood et al, 1998), and only sliuzhtly diminished after
heating at 56°C. for 30 minutes (Bornmside et al., 156k).

The bactericidal activity of rat and of ratbit serum in this
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report was not diminished by heating at 56°C. for 2 hours or by heating
at 60°C. for 1 hour but waes completely destroyed after heating at 60°C
for 2 hours. The results of these experiments are in accord with those
of Myrvik and Weiser, since they showed that serum bactericidal activity
egainst B. subtilis was destroyed by heating at 60°C. for 2 hours.

Unlike any of the cases cited above, Pettersson (1926), de-
soribed a thermostable bactericidal substance in serum which he named
"beta-lysin®, this acted mainly against gram positive dbacteria and re-
quired temperatures of 64°C. to 75°C. for 3C minutes for its inactivation.

It is of interest to note that unlike published reports iJacox,
1950; and Myrvik. 1958), on the ability of calcium iona to restore from
human and rabbit sera, the bactericidal activity for B. gubtilis, there
are indications in the present revort that this may not be the case for
the restoration from rat and rabbit sera of bactericidal activity for
staphylocceci. However inoculum concentrations did vary. While the
above authors used an imooul m of 10° to 10" cells in the B. subtilis
system, 107 staphylococeal cells warg employed in the present study.
This may explain the discrepancy.

ibsorption studies confirmed published reports by Yotis (1963),
in that this substance is absorbed by both coagulase positive and coagulase
negetive staphylococci. Bentonite, hpwever, absorbed the antibacterial
subatance from rabbit serum (as found by Eyrvik, 1955), but did not do
so from rat sexum, There is, therefore, an obvicus difference between

the baotericidal activity of rat and rabbit sera. fgqual volumes of both
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sera and the same ccncentration of bentonite wes used for abscrption.

lowever, since rat serum econtains approximately 4 tines more antibacterial
substance than the rabbit serum, the inability of benionite to absorb the
rat serum antibacterial agent may be dus to the high levels of this agent

in the rat serun,.




SUMMARY
The mechaniams of body defense have not been clearly elucidated.
There are obvious differences in these mechanisms between species. iats

are clearly resistant to staphylococcal infections while rabbits are more

susceptible (Hale and Smith, 1945). The present study indicates that:

1. Coagulase positive staphylococcl respire much better in both
rat and rabbit sers than do coagulase negative staphylococel.

2. intirespiratory activity of rat and rabbit sera against
staphylococcl was decreased by excessive amounts of ferric ions.

3, Ferric ion inhibition of serum bactericidal activity was due
to direct action on the serum and not on the bacterial cells.

4, Coagulase positive organismse grow very well in both rat and
rabbit serum while coagulase nesgative organisms are readily killed by
these sera.

S¢ Hat serum is more inhibiting for staphylococei than rabbit
serum.

6. Inhibition of bactericidal activity by sodium citrate and
socdium oxalate was not reversed by caleium jons in either rat or rabbit
sexrum.

7. 4bsorption of the antibacterial substance from both rat and
rabbit serum was accomplished by heat killed ataphylococci,

8. Bentonite absorbed the antibacterial substance from rabbit

serum, but failed to do so from rat serum.
29
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Fig. III.. Oxidation of normal rat serum by coagulase posi-
tive (C*) and coagulase negative (C~) staphylococci.
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Fig. IV. A comparison in the oxidation of rat and rabbit
serum by coagulase positive (C*) and coagulase negative (C-)
staphylococci.
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Fig., V. ZEffect on the antirespiratory activity in normal
rabbit serum by ferric ions.
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Fig. VII, Comparison of the decrease of antirespiratory
activity of rat and rabbit serum by ferric ions.

Curve: A = Coag. neg. plus 1.5 mg Fe+++in
rabbit serum ot
Coag. neg. plus 1.5 mg Fe  in

B =
rat serum
C = Coag. neg. control in rat serum
D = Coag. neg. control in rabbit serum
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Fig. IX, Growth of coagulase positive and coagulase
negative staphylococci in broth, rat and rabbit serum.
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TABLE I,

b2

PHYSIOLOGICAL CIARACTERISTICS OF THZ DPRST KICROORGANISHS

‘Férain Thase Type Gluc. D-warn. Gel. Gosg.  Flpment
52217  29/52/52A/79/80 F F £ £ G.Y,
52294 187 P F £ P4 G.Y,
52298 52/52A/80 F P P's / C.Y.
52311 80/81 F F £ P4 G.Y.
52304 71/W1/53/54/15/71/83a F F £ # G. Y.
52366  33/3¢/55/T1 F F £ £ G.Y.
220H F 0 - - We

2468 P - - - Wa

296 29/52/524 F P Fe £ GoYa
299 6/1/425/41/53/54/15/71 F F £ £ G.Y,
303 52/79 ¥ F £ P G.Y.
309 55/71 F F £ £ G.Y,
313 80/81 ¥ F P4 / GeY,
316 52/524/80/81 F P 4 # ¢.Y.
322 7 F F P4 P4 Ca¥,
323 34/71 F P P £ Y

328 6/428/41/75 F F £ # Y

330 38/T1 P F i P G.Y,
334 29/52 F F £ £ G.Y.
335 524/79 F F £ £ G.Y.
Shh 34 F F # £ C.Y.
368 6/53/834 F F £ P's Gt




TABLE I. cont,

b3

Strain ‘ Yhage Type

Clue. Demann, QGel. Coag. Pigment
Gol28 F - Y - W
11 F ¢ - - W
12 F - £ - W
13 F - A - Lj
14 F o - - W
15 F - P4 - W
21 not typed F F P4 4 G
22 L F ¥ P P GeYo
3570 80/34/79 ¥ 7 / £ W
3621 80/34/79/1 F F £ # W
3630 80/34/79 F P £ £ W
365H 80/81/79 F F s 4 G.Y.
372H 38/71/3¢/79/3+  F F £ £ G.Y.
390H 79/34/80 F F # £ GaYs
391K 79/80 F P 4 P G.Y.
3920 79/80 F P £ pi v
393H 79/k25/80/81/T  F F ¢ # G.Y.
394H 79/34 F P £ A CoYe
395H 79/34/80 F F £ ¢ GaYs
Bromb 79/53/80 F F P4 e GoY.
354H - - £ - W
Pearl - - P4 - W

F = Formenter
0 = Oxidizer

*z m3sitive W

G.Y. = Golden Yellow

Y = Yellow
= White
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TABLS II

ZFFECT OF FERAIC ION CONCSHTRATION O THY ANTIRSSPIRATCRY
ACTIVITY CF RABBIT AND RAT IJ3RUM AGAINCT COAGULAHY POSITIVE
AND COAGULAZE NEGATIVE T4 HYLOCOCCI

Coag.Neg,Strains Coags l'os. itrains
Serum Ferric ion, mg/ml Ferric ion, mg/ml
090 OQ;LS OOw 1020 ;'50 1070 0‘0 }c.m
12 30 15 14 40 16 48 62
30 32 32 46 86 52 122 152
56 36 48 88 140 b 200 240
#abbit }
80 46 62 140 196 148 292 346
136 70 96 262 332 334 502 568
190 88 120 LO8 SO0 416 624 102
B em e e 32 32 32
66 - — - 98 - 96 96
96 - - - 148 - 140 160
Rat
132 - - - 200 - 190 220
208 w= e e 330 - 304 348
238 - - -~ 454 — L2 Laz
26 - - —— - 12 -
Lo - — - 16 -
I -
Gluoose
82 - - - 80 —
102 —— - - 9{) -——
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PABL: ITI

EFFACT COF IRON, FAGRISIUN, ZINC 40D MAHCANESE IONS ON
THi ANPIRBSPIRATORY ACTIVITY OF RAT AND RABBIT
SRUM AGAINST COAGULASE NEGATIVE STAIHYLOCOCCI

Rabbit Serum
Control 1ron Magnesium Zno langanese
(ul 0,)
12 40 16 25 15
30 86 36 45 32
56 140 58 66 4o
80 196 80 86 69
136 532 in 129 1c3
190 500 193 176 147
fat Serum
14 32 18 o4 20
38 98 by bt by
64 148 80 17 T4
98 200 117 110 108
167 330 199 184 180
239 L4 2hg 264 242
Gluocose
26 12 8 — 6
40 16 10 — 26
56 |52 2l - 42
60 64 36 - 62
80 80 64 - 94

102 90 76 - 106




PABLE IV

EFFECT OF INCCULUM CUUCENTRATION ON ¥HD BACTSRICIDAL ACTIVITY OF

RAT AND RABBIT

DERUN AGAINST STAFHYLOCOCCT

1., Turbidimetric Deterzinections

Inoculunm Concentration in C.D.

Strain Serum 001 Qa2 Ool'l' 0.6 C.8 loQ 1*4
coag.os. o 1235 204 188 W78 J153  .182 210
Rabbit .285 .319 .36 .318
T O3 .003  L027  .0%L .05F  .O5T 165
Rabbit .06 189 .200 215
2. Flate Counts
Inoculun Concentration, Calls
Strain  serum 43 x 100 3.2x10° 3.9 x10°
Vi 8 8
congaion. B 6.3 x 10 6.3 x 10 b3 x 10
Rabbit 9.5 x 10! 1.2 x10° 7.1 x 10°
. 5 6 [
Ccag.ﬂag. Hat 2.2 x 10 205 x 10 306 x 1C
Rabbit 4.1 x 10° 9.3 x 10! 5.0 x 107
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TABLE V

EREECT OF DILUTICH N THE BACTARICIDAL ACTIVIPY OF RAT AND RABBIT

SLRUM AGATHST COAGULALS HEGATIVEZ STASHYLOCOCCI

Rabbit Serum fiat ‘erum

CaDe i"’;atﬂ &‘%t («}Qé}‘:‘ *'3-%;& Gount

4023 boh x 10° 013 2.2 x 107

1.8 C.2 10 059 4 x10®  Lol8 3.3 x 107
1.6 G 20 116 40 x 107,028 2,5 x 107
lb G630 .29 3.8 x 107 L0850 3.5 x 107
1.2 0.8 40 .66 6.0 x10° 122 5.6 x 16°
1.0 1.0 % 73 24 x10° 20k 3.7 x 107
0.8 1.2 60 AT3 2521207 4279 T.2 x 10°
06 14 0 213 8.2x10° .11 2,0 x 107
Gh o 1.6 80 272 5.7 x10° 0323 4,0 x 107
02 1.8 90 263 622107 .31 3.2 x 107
GG 2.0 100 268 505 x 107 .260 5.5 x 107

Inooulum = 2.5 x 107




TABLE VI

THE EFFECT OF HEAT ON THE BACTERICIDAL ACTIVITY OF RAT AND RABEIT SERUM

AGAINST COAGULASE POSITIVE AND COAGULASE NEGATIVE STAPHYLOCOCCI

1. Optioecal Density Determinations

Serum Heated at:

Strain Serum Undiluted Serum 56 C/30 min. 56 C/1 hr., 60/1 hr, 60 C/2 hr,
Coag. NeglLRat 010 012 014 .031 043
Rabbit 005 021 040 020 040
Coag. PoslRat .178 174 - - -
Rabbit . 265 24 - - —
2., Plate Counts
Coag. NegLRat 2.2 x105 2.1 x 105 2.1 x 105 2.0 x 105 b,2 x 107
Rabbit 6.0 x 10% 4.1 x 10° 4.1 x 105 4.7 x 105 8.0 x 107
8 8
Coag. Pos}Rat 3.1 x 10 1.8 x 10 — —— ~——
. 8 8
Rabbit 8.3 x 10 5.1 x 10 -——— —_— _—
Inoculums
Coag. Pos. Coag. Neg.
4.3 x 107 3.1 x 107
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TABLE VII

GROWTH OF COAGULASE NEGATIVE STAFHYLOCCCCI IN SERUM AND
CITRATED PLASMA

| Rabbit Bat

Culture Medium 0.0 Plate Count 0.D. Flate Count
Flasma 0.115 2.3 x 10° 0.127 1.9 x 107
Serum 0.009 T.7x 10‘* 0.009 2.3 x 10‘*
Broth 0.300 8.8 x 10° 0.300 8.8 x 10°

Tnooulum = 1 x 107




TABLE VIIX

THE EFFECT OF CALCIUM ON THS BACTERICIDAL ACTIVITY OF RAT

AKD RABBIT GERUM AGAINST COAGULASE NEGATIVE STAFHYLOCOCCI

0.’{!‘1 Solutions of: Flate Count

Savum Wa,C,0, Wa,CH.0, Watl Cacl, Vell, Bat Rabbit
(m1) (m1) (m1) (m1) (m1) (m1)

2.0 0.3 0e3  wmw e 5.2 x 107 2.8 x 107

2.0 — 0.3 wee 03 e 6.1 x 107 5.6 x 10

2.0 — 0.3 cem eem 0.3 3.4 x 100 6.2 x 107

| 6 6

2.0 Ce3  mmm 0e3  wmm e 5,0 x 10° 1.3 x 10

2.0 003 wem ame 003 mem 2.2 x 10° 5.5 x 10°

6 7

2.0 0.3 o e - 0.5 5*6 x 10 1.1 x 10

240 — am 006 mem  m—m 8.5 x 10° 5.4 x 105

2,0 - — 06  —mm e 5.5 x 10° 3.5 x 10°

(broth)

Inooulum = 3.6 x 107
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DABLE IX

ABSCRFTION CF BACTuRICIDAL ACZIVITY FRCM RAT AND RABBIT CERUM

sbsorbing Agent Rat Serum Rabbit Serum

OeDe  FPlate Count 0,D. Viable Count

E. gold 016 1.0x10° .03 3.1 x 10°
S. pyogenes WO17 2.4 x10°  .036 3.5 x 10°
Se epidermiditis 126 1.5x100 070 2.33 x 107
S. sureus 153 1.9 x 107,089 6.65 x 107
Bentoni te 027 1.0x10°  .090 4.5 x 107
Serum control 030 1.5x10° 020 2.6 x 10°
Broth control 260 3.2x10°  L280 3.2 x 10°

Inooulum = 2,0 x 107




TABLE X

EFFECT OF BACTERICIDAL ACTIVITY OF RAT AND RABBID? SERUM BY FERRIC IONS

Strain Serum 1.5 mg. ettt Contral
7 7

Coas. Tositive Rat ko x 10 5.7 x 10
Rabbit 1.4 x 10° 1.2 x 10°
7 L

Ra . .

Cong. Tegative % 5.7 x 10 503 x 10

Rabbit 1.0 x 10° 1.0 x 10"

Invculum » 1 x 107




JTATISTICAL DATA

Statistical analysis of the data reweals a "P® wvalue of less

than C.001 for both oxygen uptake and bactericidal action for both coagulase negative

and coagulase positive staphylococei in rat and rabbit sera. No significant difference

was found between rat and rabbit sera.

Oxygen upteke

Bactericidal action

Optioal Density
- units/2 ml Serum

+ - +

¢ ¢ ¢ ¢

206 < 30.3 122 £ 26.6 330 I 66 171 I s8.8
(N=1C) Pu(0.001) (N=10) P=(0,001) (Kilo) P=(0,001) (N=10) P=(C.001)

217 ¥ Lok 018 ¥ 012 272 £ L099 .oh68 ¥ 030
(B=6) P=(0.001) (H=5) P=(0.001) (¥=9) P=(0.C01) (¥=5) P=({0.001)
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