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The ability of the body to remove foreign
matter from the circulation has interested in-
vestigators since the nineteenth century. Wys-
sokowitch' in 1886 noted that the cells of
the vascular endothelium rapidly cleared the
blood of pathogenic and non-pathogenic or-
ganisms. Aschoff?> considered these cells as a
functioning unit which he called the reticuo-
endothelial system. By perfusing isolated
organs Manwaring® found that the canine
liver and spleen removed organisms much
more rapidly than other organs. Studies on
the rapidity of removal and the acceleration
of removal by immunity were carried out by
Bull* and Wright5 Cannon® and Sullivan”
showed that after single intravenous injec-
tions, large numbers of organisms were found
in the liver and spleen with few in the brain,
lungs, muscle and thyroid. Beeson® in his
study of subacute bacterial endocarditis noted
the sparsity of organisms in hepatic venous
blood. The object of the present report is to
describe a method of quantitative estimation
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of the rate of removal of bacteria from the
blood stream in the intact animal.

Methods. Healthy 7 to 23 kg dogs and
2.6 to 3.1 kg albino male rabbits were used.
Light anesthesia was maintained throughout
the experiment by the use of intravenous
sodium pentobarbital.

The hemolytic Micrococcus aureus employ-
ed was of human origin, coagulase positive,
and it fermented mannite. The encapsulated
Klebsiella pneumoniae type B was obtained
from Dr. R. J. Dubos. The inoculum used
for infusion consisted of a suitably diluted
saline suspension of bacteria washed from the
surface of Bacto tryptose agar after 5 to 6
hours of incubation at 37°C.

A controlled bacteremia was maintained by
a continuous infusion into the femoral vein,
the inferior vena cava, or the right auricle of
the dog of 1 to 5 x 10% hemolytic Micrococcus
aureus organisms per minute by means of a
number 6 or 8 ureteral catheter introduced
into the veins. A similar infusion of approxi-
mately 1 x 10* Klebsiella pneumoniae type B
organisms per minute was accomplished in the
rabbit using the superior vena cava. A con-
stant rate of inflow was maintained by the
use of a standard intravenous drip set or by
the use of a syringe activated by a motor-
driven plunger with variable gears allowing
control of the rate of movement of the plung-
er. An initial relatively large dose of organ-
isms was given to each animal in order to
attain rapidly the desired blood bacterial
count which was maintained thereafter by
the constant inflow of bacteria. After 5 to
30 minutes blood samples for culture were
drawn from various sites as indicated in
Tables I through III.

In the dog, femoral and jugular venous and
femoral arterial blood samples were drawn at
approximately 15 minute intervals through
an arterial-type needle left in situ. Hepatic
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TABLE II. Blood Levels of Bacteria and Percent Removal by Various Organs in Normal Dogs,
Splenic vein
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venous, renal venous and pulmonary arterial
blood samples were obtained through indwell-
ing number 6 or 8 ureteral catheters intro-
duced into the vessel via a jugular vein under
fluoroscopic visualization. The technic of
venous catheterization used in these experi-
ments has been described by Cournand and
Ranges.® In each instance the right lobe of
the liver was catheterized. Splenic venous
blood samples were obtained by repeated
venipunctures or from an arterial-type needle
left in situ under direct visualization after
opening the abdomen.

In the rabbit mixed blood samples were ob-
tained at approximately 7 minute intervals in
initial preparations by repeated cardiac punc-
tures and in subsequent preparations through
an indwelling number 6 ureteral catheter in-
troduced via a jugular vein into the inferior
vena cava to the lower lumbar level. In each
instance the left lobe of the liver was catheter-
ized.

In numerous experiments the animals were
sacrificed at the close of the observation
period, and the position of the catheters was
checked then by direct visualization.

Experiments revealed that the preliminary
withdrawal of 4 ml of blood sufficed to clear
the catheter of its contents so that the sub-
sequent sample represented the blood present
in the lumen of the catheterized vessel. Such
© clearance was done in every instance prior to
the withdrawal of a blood sample for study.

Duplicate pour plates were made with blood
samples of 0.5 to 1.0 ml volume in Bacto
tryptose agar, serial saline dilutions of the
blood being used when necessary to obtain
countable plates.

Results. In Fig. 1 a representative experi-
ment on a dog is charted. The bacterial counts
in the femoral venous and femoral arterial
blood varied somewhat during the course of
each experiment. This is attributed to a slight
variation in the rate of inflow of organisms and
to the fact that the number of viable bacteria
in the saline suspension which was adminis-
tered decreased during the course of each ex-
periment, as shown by a comparison of the
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P.A.—Pulmonary arterial.

S.V.—Splenic venous.
J.V.—Jugular venous.
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Chart showing bacteremia maintained over 105
minutes with arterial levels plotted against

femoral and hepatic venous levels.

inoculum titres at the beginning and at the
end of the observation period. The data per-
mit comparison of counts on samples drawn
simultaneously from different sites, however.

Table I records the counts of hemolytic
Micrococcus aureus per ml of blood in a group
of nine dogs, including one animal (No. 18) in
which an arterial blood level of 1 x 10°
bacteria per ml was maintained throughout
the experiment. The rate of removal of
organism by the splanchnic circulation is re-
corded in percent calculated from the simul-
taneous hepatic venous and the femoral ar-
terial counts. A high percentage of organisms
was taken out by the splanchnic circulation,
the average removal in 57 observations on
nine dogs being 74 + 16% (S.D.). An analy-
sis of femoral venous and femoral arterial
bacterial counts based on 35 observations in
6 dogs showed that the removal of organisms
in the peripheral circulation of the hind ex-
tremity was variable within wide limits,
averaging 12 = 149% (S.D.).

Table II presents observations in a group
of 5 dogs in which various other organs were
studied for their ability to remove hemolytic
Micrococcus aureus from the blood stream.
In two dogs (Nos. 9 and 10) the bacterial
counts per ml of blood from the femoral
artery and the splenic vein were used to
calculate the percent removal in the splenic
circulation. The average removal by the
spleen was 78 =+ 179% (S.D.) a rate which
approximates closely that of the splanchnic
circulation as a whole. In 2 animals (Nos.

11 and 12) no significant difference was found
on comparison of the pulmonary arterial and
the femoral arterial bacterial counts. In 6
observations on a single animal (No. 13), the
jugular venous counts were 24 -+ 27% (S.D.)
higher than the simultaneously determined
femoral arterial counts. Preliminary studies
in several dogs not included in the present
series have indicated no consistent trend in
the relationship of renal venous and superior
mesenteric venous counts to femoral arterial
counts.

Table IIT records the bacterial counts per
ml of blood in a group of 7 rabbits receiving
an encapsulated Klebsiella pneumonia Type
B. The percent removal by the splanchnic cir-
culation was calculated from the hepatic ven-
ous and the intracardiac or the inferior vena
caval bacterial counts. Average splanchnic
removal in 39 observations on 7 rabbits was
20 + 10% (S.D.), a degree of removal which
is highly significant (p = < 0.01).

Discussion. A constant intravenous bac-
terial infusion combined with the technic of
venous catheterization provides a convenient
method of determining the rate of removal of
microorganisms by the organs draining direct-
ly into the caval system. The spleen must be
studied by some method allowing puncture of
the splenic vein. The method used here may
be useful in studying the rate of removal of
antigens and other particulate matter.

Cannon® studied the removal of the micro-
coccus from the blood stream by culturing
weighed amounts of various organs. He
showed the remarkable capacity of the animal
to concentrate the injected organisms in the
liver and spleen as well as the ability of these
organs to destroy the micrococcus. The lungs
did not concentrate the organisms after intra-
venous injection. Manwaring® found the ex-
traction in the liver and spleen to be 80 and
60%, respectively. Beeson® found an average
of 85% extraction in hepatic venous blood in
human subacute bacterial endocarditis.

The figure for the total splanchnic removal
of the hemolytic Micrococcus awreus in our
dogs was 74 = 16% (S.D.) and the splenic
removal 78 = 17% (S.D.). The hepatic
venous and the splenic venous blood were
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cleared to the same degree. The absolute ef-
ficiency of these organs cannot be determined,
as the blood flow per unit of tissue is not
known in either instance. The percent re-
moval of the bacteria remained high even
when the arterial levels were maintained at
50,000 and 100,000 per ml. When one con-
siders that the splanchnic circulation receives
one-fifth of the cardiac output and that ap-
proximately 75% of the organisms are re-
moved in a single circulation, it becomes clear
why such a large number of bacteria is re-
quired to maintain a blood level of 100 organ-
isms per ml.

The tissues of the hind limb showed no
consistent ability to remove organisms from
the circulating blood. The percent removed
in a single circulation through the hind ex-
tremity was 12 = 14% (S.D.). No organ-
isms were lost in circulation through the lungs
of the dog.

In the present series of rabbits the total
splanchnic removal of Klebsiella pneumoniae
type B averaged 20 =+ 10% (S.D.). The
effect of variation in the parasite on the rate
of removal by the host will be discussed in a
later communication.

Other studies*® have shown that in the
course of some experimental bacterial infec-
tions, the organisms are cleared partially or
completely from the blood stream after a
variable period of 5 to 48 hours, the variation
depending apparently on the virulence of the
infecting organism and the susceptibility of
the host, After a period of several hours, the

blood culture may become positive again and
may be associated with a progressively un-
favorable clinical course leading to the death
of the animal. The reason for the ineffective
clearing of the blood stream in the later stage
of the infection has not been determined. It
may be that the removal mechanism is blocked
by accumulation of organisms in the cells of
the reticuloendothelial system, but this seems
unlikely because the mechanism still functions
efficiently at a level of 100,000 organisms per
ml. The organisms may proliferate in the
cells and so alter their physiologic functions.
Observations on the sites from which the bac-
teria return to the blood stream and the state
of the reticuloendothelial system at that time
are needed.

Summary. 1. A method of constant intra-
venous infusion of bacteria combined with the
determination of bacterial counts in the cir-
culation at various sites by venous catheteri-
zation is described, which provides a means
of determining the site and of quantitating
the rate of removal of bacteria from the blood
stream of the intact animal.

2. The total canine splanchnic removal of
hemolytic Micrococcus aureus averaged 74
-+ 16% (S.D.); splenic removal, 78 + 17%
(S.D.). No organisms were lost in circula-
tion through the lungs.

3. The total rabbit splanchnic removal of
encapsulated Klebsiella pnewmoniae type B
averaged 20 == 10% (S.D.).
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Some aspects of normal calcification can
be explained by physico-chemical concepts.
For example, new calcification depends on
the concentration of calcium and phosphate
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ions in excess of a critical product.’-® Furth-
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