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ABSTRACT

Previous Lnvestigatore have noted that the number of bacteria in the
blood of animals infected with fatal anthrax is dependent upon the host
specles and its degree of immunity or resistance., Quantitative measura-
ments of the concentration and distribution of organisms in various tissues
and organa of imnunized and nonimmunized guinea pigs and rats Infected with
Bacillus anthracls have been made. These studies have shown that death does
not necessarily occur at the peak bacterial concentration in the body.

In elther immune or naturally reslstant hoats the concantration of
organisms in all tissues of the body is lowered. In immunized hosts,
bacilli tend to remain localized in the muscular tissues until shortly
bafore death, when a terminal septicemia oceurs. There 1s an appatent
inverse time~bactarial concentration relationship present, becauge the
animala with the lowest conecentration of organisms in the body live the
longest,

During the pre-septicemic phsse of the disease, a relatively high
concentration of organisms per gram of tlssue can be found in the liver
as compared to the other orgens, Standard biopsy techniques, rather than
cstablighing the presence of the bacilli in the blood, may posaibly be
usad tn datact anthrax in its sarly stages.
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Generalized anthrax is typified by an extremely rapid but orderly
progress of digease with symptoms and septicemia occurriung some few
hours prior to death. Klein, at gl? reviewed earliar literature and
presented quantitative data regarding the in vivo growth rate and bacilli
level in the blood of lmmunized and nermal guinea pilgs during the mepticemir
atage of anthrax and noted the constancy of these observations regardlese
of certain treatment variations of the initial challenge doge.

A disease, whose progress 13 so rapld and terminates so abrupktly and
drastically, may merit drastic early diagnostic measures. 1In this study
we detarmined the concentration and dimtribution of organismms in various
tissues and in the whole carcass during the entire course of the disease.
From these data we could determine the effect of certain Lmmunization
protocols on bacterlal level and use them as a posaible guide in the use
of biopsy to detect anthrax prior to its normai faial sepiicemia,

The susceptible 250 to 350 gram Hartley strain guinea pig from the
Fort Defrick animal farm, &nd the highly resistant 200 to 250 gram
Norveglicus black rat from Long~Evans stock obtained from the RWational
Ingtitutes of Health animal farm were used.* One group of guinea pigs
was lmmunized with the Belton-Stranges protective antigen prepared by the
method of Thorne and Belton® and diluted 1:10. The protective antigen
was administeted by intraperitoneal Iinjection of 0.1 ml on Days 1, 3,

5, 8, and 11, Thege animals will be referred to as PA-5 animala. In
addition, a4 group of rats, after recelving the initial PA-5 protocol

were given a 1.0 ml bocster of live vaceine (1l x 10* sporas/ml of the
lowly virulent 30R strain of B. anthracig) and will be raeferred to aa
PA~5 + LV animsls, One week after the completion of their yespective
protocols the immunized animals were challengad with 1 x 107 B. apthracis
sporas of the highly virulent Vollum strain (Vl}), which were enhanced

by treating with egg yolk as described by Kaga.  All challenges were

by the subcutaneous route. Mean time to death values for all treatments
were determined using ten animals per treatment.

Independent data were obtained on each animal and organ. Each six
hours after challenge, several animals were serlally sacrificed with
carbon dioxide {dvy ice), skinned and welghed. A blood sample for assay
wag drawn from the heart, then the spleen, kidneys, liver, lungs and
intestinal tract were vemoved. The remaining carcass of the animal then
wag weighed and ground in a Hamilton Beach heavy-duty meat grinder and
homogenized in the Servall Omnl-mixer. REach weighed organ was homogenized

* In conducting the research reported here, the investigators adhered to
"Principles of Laboratory Animal Care" as establigled by the National
Soclety of Medical Regrearch,.
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in the presence of suitable diluent by means of the Tri-R stirring appara-
tus. The samples were assayed immediately, Serial dilutlions of eachk sample
were made in gel-phosphate diluent (two per cent gelatin, four per cent
NagHPQy,, pH adjusted to 6.8 to 7.0) and Q.l-ml or 0,3-ml samples of inoculum
were spread on tryptose agar plates contalning 0,005 per cent potassium

tellurite, which suppresses contamination but not the growth of B. anthracis.

Pooled dpta collected revealed that nonimmunized pigs, when challeupged
with 1 x 107 B. anthracis spores fortified with egg yolk, exhibit a 1,5-log
decrease 1n orgauism concentrat{on during the first 12 hours of disease
followad by a rapid bulld-up in all tissues or organs over the next 18
hours until death ensued at 30 hours (Figure 1). However, if the guines
plg had been immunized by the PA-5 protocol, the bulld-up of organiam
concentration in all organs was very gradual for the first 36 to 40 hours
of the dlsease, followed by a slight decrease in concentration over the
next 6 to 12 hours and terminating in death at 48 hours (Figura 2).

Examination of Figures 1 and 2 and thalr accompanying tables reveals
that protective antigen extends the tima to death in the guinea pig some
18 hours and lowers the maximum concentration of organisms in the body
approximately one log. It should be noted that anthrax in the nonlmmunized
guines pig is accompanied by a marked build-up of organisms in the blood,
whereas in the PA-5 immunized hosta, the majority of organisms remain con-
centrated in the muscular tissue until the last 20 hours of ‘tha.disamase,
"at which time the organisms tend to become more evenly distributed through-
out all tisaucs and organs. The percentage distribution and ‘organism con~
centration tables show that organisms are more likely to be Lsolated in
the liver in the early stages of the disease and in the bleod during the
latter half of the course of the digeasa. This study substantiates earlier
findings that immunized guinea pigs dying from anthrax had a lower bacterial
concentration in their blood terminally than did nonimmunized guinea pigs,
Examination of the data shows further that once the disease 1s establigzhed,
the number of organiems per unit of hody weight 18 always higher in the non-
immunizad guinea pilg.

Since Klein, et al, in 1961* showed that NIH black rate could not be
significantly {mmmized by the PA-5 protocol, it appeared feasible to
compare PA«5 rats with the PA-5 + IV group in the same manner as we did
in immunized and nonimmunized guinea pigs. Challenge of the NIH black
rat subjected to the PA-5 protocol produces a steady build-up in bacterial
concentration during the first 24 hours of the disease, followed by an
16-hour plateau, and resulting in death at 42 hours (Figure 3). Tf the
PA-5 rat wam glven a live vaccine booster prior to challenge, there was
a gteady build-up in 211 organs during the first 24 to 30 hours, followed
by a grasual decrease in bacterial concentration in the next 18 hours and
culminating in death at 48 hours (Figure 4). Although the greatest percent-
age of bacteria is localized in the muscular tissues until shortly before
death, there apparently 1a & sufficlent number of organisms concentrated
in the liver to warrant liver biopsy during the firsz half of the course
of the diseane. Diagnosis after the onset of septicemla would naturally
ba based on hlood culture,
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To determine the effect of the awou~t of residual blood with its
organisms on the number of bacilli isolated from the various organs,
an {adirec¢t measuyemant of the hlood remaining and assayad in the organs
was mada ag foilows: slurries of the various organs and tissues were
centrifuged and the amount of hemoglobin in the supernatant fluid deter-
mined by the cyanmethemoglobin methods. The hemoglobin values obtained
were compared with the amount of hemoglobin found in a given unit of the
animal blood. The ratio thus obtained was corrected to a volume of
residual blood in the organ, Values obtained showed that the numbers
of organisms isolated in the various organs and tissues are not sig-
nificantly influenced by the residual volume of blood {n the excisad
organs and tissues.

We carlier noted an invarse relatlonship betwaen time to death and
number of bacilli per gram of tissue. One might reasonibly expect that
more organisms would be required to kill the immunigzed than tha non-=
tmminlzed host. Foxr one group of 28 guinea pigs, the relsationship between
time to death, number of organisms per ml of blood, and units of toxin
presant in the blood are plotted in Figure 5, It 18 evident that, as:
the resimstance of the host increases as avidenced hy incronsed time to
death, both the number of organisme per ml and the units of toxins
present in the terminal blood decreane., However, this larter relation~
ship ts not a simple arithmetic function. We ara atill unable to explain
why hosts made resistant by immunity die with fewer organisms present or

with lesa toxins promant.

Although s smepticemlia was observad in all test animals, Lt was pro-
nounced in the more susceptible group of a aspacias. All organs showed
a bactertlal bulld-up during some phase of the digease and the rates of
bulld-up in the various organs differed. 1In general, the organisms tend
to vemain localized {n the muscular tissues of immunized hosts until.
shorily before death, at which time the organiswms bacome more avanly
Jdistributed throughout all tissues and organs. Animals that live the
longest generally have the lowest bacterial concentration in the body.
Death does not neceesaril- occur simultaneously with the paak bacterial

concent ration.

itege studies show thot not only is it harder to establigh anthrax
in animals with natural or induced immunity, but once establisghed, it
is more difficult to dertcet anthrax since the number of bacilll in the
immunized host is reduc2d and the scpticemia is both dalayed and ter~
minates earlier. We suggeat that bilopsy of the liver appears to ba the
most feamible wethod of Jiagnosing anthrax early in the course of disease,
while the late septicemic amtage will be obvious in the blood.
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