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W idenca That Mhemo Mmbahys Die from hAthrow Toxi
amfl - . I A , 03 IN end LINCM
1.3 . A=, MooIIZ L lboatol

S rqidence thata4 tamiq produced by ]I. mahli cauese
deat 001 i MAIee u been extent s$twe as oenly as 1931. Recognition

of these andnce~ hi rsverVflentinebm beenI left uintil this
dscede, sbs Swith 1 ýj (1953) and later workers demonstrated that
the terminal sabck from toxin is thu major causu of death L-4 asti .'
In this "per ewidencs is presented thets (1) ,Amthraz tcx!n -OM in

demnstatd i boy luis f the Rhasus macbmv -t i..ca. (2)
hAthra toxin to Present In Increasing &wmluts in body fluids of
owbsue maskey, dying of anthrax. (3) ]a vitro produced, sterile
-nthrx toxin &de capable oZ causing thu death of theuses monkey. (4)

Aathrau Ottisero protecs thu MWe afsmokey against IR vir toxin
produced by -4. anhocg These findings imply that the treatment of
thu disease in am should be revised to include use of antitoxin for

*neutralization effects.
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ZMs TMe 01141105al ad Ilpitedologisal Asp3.to of Stololical
WFald-?aatiag at Ow" Prowlg Onmin

Alums 21s objecti,.a and -tuew functimns of the Unique orgao.
loatift at" related "a tegezd biologic"l fiald-tostlag safety, Pro.
-eainloneioua "in. nte At of wcildlife and livestock wopla.
attmt -s Ofl -- thae Proing Gaunud, Indicate that thete baa been
noeae of" 0y aMY 081t but lacideon Is apparently due to oodMI.',
diaeaswe of neative orts".

A doteftdnftio.s haa been am* frea aclustcal gaudia.
&lanaifyja the atea itot several types as duiloseted by generali
"iteif "iti tYP4i and PLAnC Goner ft. Whichi eft be Predicted the
quantity God t"p. of native fama. Iba. data bMwa 11ad pratica
applicaItie In dey"Leag a gontgo 1npmstandm fee recoemaidattlane
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EVYhDUOE THAT RHESUS AONKIcES
DIE FRU4 ANTHRAX

F. KLEI, LT. D. R. HODGES (VC), B. Go M44I".LDT
Wo I. JONES, B. W. HAINES and

LO. £g LIMCII

U. S. ARhN CHEMICAL CamS
FORT .ETRICK, FREDERICK, ,XARYIND

Some of the earliest evidence of toxin production during the
growth of Bacillus anthracis although apparently unrecognized as
such, wereaF itF b obernheim (8) who described anthrax as
producing edema and hemorrhage and interferring with blood clotting
and carbohydrate mstabolism. Later, Howie and Cruickshank (3) showed
that they could increase the lethal effect of anthrax by injecting
shock-producing substances into animls previously challenged with B.
anthracis. Smith et al. (7) observed that the terminal phase of
an~thrx accompar-erby secondary shock which they reported to be
the major cause of deaths Their work, partly confirmed by Ross (6),
lead to the demonstration of a specific toxin isolated from the
plasma of guinea pigs which had died of anthrax. The plaumam steri-
lized by filtration, was shown to produce an edema when injected into
the skin and death when injected intravenously into other guinea
pigs. Recently, Stanley and Smith (9) and Beall and Taylor (1) in-
dependently discovered that 'toxin" is composed of at least 3 com-
ponents, identified by the latter authors as protective antigen,
guinea pig edema factor and rat lethal factor. They also showed that
rat lethal factor is toxic only in association with protective
antigen.

It is our purpose to report on work demonstratings (1) the
* presence of toxin in blood and lymph of the Rhesus monkey (2)quanti-

tative increases of toxin in blood and lymph prior to death and (3)
other evidence of toxemic death.

In order to obtain body fluids for tnese studies workers in
our laboratories (Hodges and Rhian, 2) developed a surv4.vel surgical
procedure for cannulation of the thoracic and right lymph ducts and
the jugular vein of the Rhesus monkey. The procedure involves rper'-
ing the chest to enter the superior meclastinum by bisecting the
sternum thus exposing for cannulation both right and thoraci.. lymph
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ducts. These duets are pictured diagrammatically in (1.). Sizul-
taneously a venous cannula is placed in the heart by jugular vein
cannulationý Following this procedure the monkeys recover rapidly as
shown in this picture of a monkey 24 hours post surgery. (Fig. 2)
Jpph is collected continuously and blood samples •an be drawn as
desired. For this study, changes in concentration of microorganms.-
and toxi in the lymph and blood were measered fallwi•vi r
with B. anthraciso

Quantitative assay for toxin was based on tuo procedures. The
first, that of Beall and Taylor (1) based on the susceptibility of
Fischer rate to anthrax toxin, and the second, based on the agar
diffusion techrique described by Thorne and Belton (10) to measure the
precipitation of antibody and antigen.

Our studies are based on the foliowing eb.asi'ations: (1)
toxin is preent in the terminal blood of monkeys dying of anthrax,
(2) toxin increases in concentration in both the lymph and blood
reaching a maxim= at death, (3) sterile toxin alone causes death of
the monkey and (4) rapid death occurs in monkeys following an in-
jection of 1031 B. anthracis spores.

During the course of work reported elsewhere, in which the
course of anthrax zA the development of atpticenia in the Rhesus
monkey was studied, we tested the terminal blood of 15 Rhesus monkeys
for taxi In 12 of these terminal blood samples toxin was demon-
strated by death of the rat.

3I2creasing concentrations of toxin, to a mxim at death,
were obtained from two monkeys studied to date. The thoracic lmph
duct and the jugular vein of the first monkey were cannulated. Twenty
foF hours post-.surgery the monkey was inoculated intrade"mally 'with
10> virulent anthrax spores. The site of inoculation erained to the
popliteal lymph node. The aninal died 41.5 hours after challenge.
XZyph was collected regulArly during that time and the samples were
kept separated so that changes in the lymph could be correlated with
ti•.. Changes in organisms and toxin levels are shown in Table 1.
Tt.e results of three assays of each sample are shown. F isance,
the lymph collectcd from this monkey at 17 hours prior to death was
found to contain < 0.2 x aorgs/3l while lymph collected 3 hours
prior to death contained Jz ý10

6 orge/ml. During this same period
the toxin titer increased from 0 to a 1/5 dilution. When, 1 ml of the
3-hour lymph smple was injected intravenously into each of two rats
they survived for an average time of l44 minutes. From this table it
can be seen that the lymph collected near the death of the monkey was
both more antigenic and more lethal to rate than lymph collected
several hours prior to death. This ob.orved increase in toxin is
statistically significant (P < .001A)

368



AKIN, HCWGES, MAHIANDT, JONES,

M and IDNCOLN

Sterile lymph collected before challenge was not toxic to rats.

It was also proven that a combination of two parts of the toxic lymph
and one part of anthrax antiserum* was non-toxic. The above tests
demonstrate that death was caused by toxin produced by g. anthracis
Infection.

The second experiment was simdlar to the first rxmcct ihe
right lymph duct, which drains a major portion of the lungs, was used
instead of the thoracic duct. Also, the monkey vas challenged by the
aerosol route with 3 x 105 anthrax spores. The data froat this monkey,
wihich died in 57 hours, are shown in Table 2e Since the lymph flow
was very slow only a small amount cou!aW-oliected over any time
period. Thus the toxin test used only one rat per point and challenge
was with only 0.5 ml of lymph. Therefore, the times to death on this
table do not compare diractl7 tr these on the preced.Ing table. Mm
regression of time prior to death nf the mornc.- w time to death t'
the rat has a slight significant slope (P, 'lO)e Although the level
of significance is low, probably due to the small number of rats+,
there is an increase in toxin concontration during the period of
observation. These observations parnllel those made in the previous
experiment. The agar precipitation test was not performed on any of
these samples because of insufficient materials

%he terminal blood of each of the!- two monkeys was assayed
for toxin. That of the first monkey was found to be negative whereas
the terminal blood of the second monkey was toxic for rats. From
Fig.!3 it is seen by the dotten line that the concentration of orga-
iIwIin the lymph of the first monkey built up rapidly to approx-
imate2. l08 organisms per ml. There was no such buildup however in
the blood (solid line) of this animal. It is shown in Fi. that the
concentration of organisms in both the blood and lymph 71Thi second
monkey increased to relatively high levels. As with the first monkey,
however, the buildup of organisms in the lymph was greater than in the
blood. It was also found that the terminal blood of the second monkey
was toxic for rats which died four hours after being injected with
0.5 ml of the blood.

The fact that blood of the first monkey did not develop toxin
to a demonstrable level is not unexpected. We have shown that the
principal extravascular route of anthrax organisms and toxin into the
blood is through the thoracic and right lymph ducts. Malek et al.
(4) demonstrated in sheep that at the peak of inflammation o?-tie-
lymph nodes a pathological secondary l..pnho-venous comiunication is
established which allows direct passage of organisms into the blood,

* Anthrax spore antiserum from hyperi.5munized horse (DH-'L.,•.)
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Since we collected all thoracic and right lymph before it entered the
blood stream, we may have removed most of the organiss and toxin not
actually diffused by this secondary patholo~ical ceamunication. Ana-
tomically thera are fewer lymph nodes in the poplitahl and inguinal
region than in the region draining the lungs. Hence, it is a question
of the number of pathological secondary lyupho-venm counica'.".±n
between the two lymph systems that may account for the absene' o.
toxin and low concentration of organmams in the umderually
challenged monkey.

The data show that toxicity is proportional to the concen-
tration of organisms in the body fluids. Spec 4 .fcaWy the lymph of
both monkeys showed parallel increases of both orgaiims and toxicity.
The blood of the first showed a negligible increase of organiams and
no toxicity, whereas the blood of the seconid sdwwed a substntJiAl ic-
crease in organisms accompanied uy a demonstrablc fA .41cit. This :
the first demonstration for such a build-up of texin in bod fluids of
monkeys and complements the British observation on toxin in terminal
blood of guinea pigs.

The next step was to show that anthrax toxin alone is suffik-
cient to cause the death of these animals. Sterile toxin was produced
in vitro by the method of Thorne et al. (11) of a potency such that
rml-Ces killod rats in an averige--of 80 minutes. A dose of 250 A
of this toxin was administered intracardially to a Rhesus monkey
weighing 16 pounds. The monkey received the toxin with no apparont
ill effects. It died 21 hours post-challenge with tminal symptoms
typically associated with toxic death in rats. (i.e., partial paral-
ysis of upper extremities and extreme r espiratory distress, accom-
panied by massive pulmonary edema).

In another trial three 8-pound Rhesus monkeys ware challenged
intravenously with 200 ml, 250 il and 400 ml reopectivel, of sterile
in vitro produced anthrax toxin. A fourth monkey received 250 m7. of
Tx:IMllowed by three 50 ml injections of antisarom given 0, 1/2 and
21 hours post-challenge. The aaimal receiving 200 al survived; the
animals challenged with 250 ml and 400 ml died in 60 and 33 hours
respectively. The animal receiving anthrax anLiserum surv~ied. These
data indicate a dose-response relationship between anthrax toxin and..
death of the Rhosus monkey and that toxin was neutralized by anti-
serum.

The final evidence of toxemic death of Rheens m*nkeys was
revealed when a dose response curve for challenge doeas of 10o through
1 0,U spores was run. The expected dose response was observed for the
doses jO5 through 10o10 spores with death occurring between 20 and 50
hours. Three monkeys given l1ol spores, however, died 2 hours after
challenge with symptoms of toiscmic death. We interpret these obser-
vations as showing that 1021 spores, on gearmination and outgrth,
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produce enough town to kill a monkey. The xn+,ire3,v different course
of the disease as evidenced by short time '4 death and only Mptoms
of toxemia indicate that these three monkeys died of anthrax toxin.

In summary it has been shown that: (1) Anthrax toxin car .
demonstrated in body fluids of the Rhesus monkey at death. (^;
Anthrax toxin is present in increasing amounts in body fluids of the
Rhesus monkey dying of anthram. (3) In vitro produced, sterile
anthrax toxin is capable of causing tS" g of Rhesus monkeys. (4)
In the one instance in which it was tried, anthrax antiseTum protected
the Rhesus monkey against in vitro tcxin prodozed by B. anthracise

The importance of to.-Lin in affecting The pathogeric course and
therefore the treatment of the disease 4r man zi-mains to be detcn.i.Lnedo
It would seem probable that the effect vf toxin .5- ;"n is like tha* in
other animalq. This additional kuowledge of toxin has a significant
implication on the treatm..nt of the di3ease. Since the introduction
of antibiotics, all treatment is directed against the organism. It
seems clear now that in order to be ful±y effective in treating
systemic anthrax it will be necessary also to direct treatment against
the toxin. Thus antibiotics alone do not constitute adequate treat-
ment, except, of course, when begun in a very early stage of the
disease. It now remains to develop an effective antitoxin since the
laboratory and clinical methods available to us at this time are in-
adequate for early detection of the disease. Like conclusions were
drawn by Plotkin et al. (5) following their observations on the New
Hampshire epidemi-orinhalation anthrax who state "In view of the
importance of toxemia to the outcome of the experimental disease, the
use of antitoxin seems logically indicated in human inhalation
anthrax".
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* FIGURE I. LOCATION OF THORACIC AND COMMON

LYMPH DUCTS ANTERIOR VIEW.
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TIME PRIOR OROS. IN TESTS FOR TOXIN

TO DEATH OF LYMPH RAT Pflc;IPfTIN

MONKEY
(MRS.) (I OML) -MIN.TO DEATH) (TITER )

17 4.2 S 0

13 52 S 1/3

1I 71 360 1/4

9 69 233 1/4+

7 166 143 I/5

5 85 126

3 as 144 I/S

DEATH 69 76 *

* NOT ENOUGH LYMPH COLLECTED TO RUN TITER.

S SURVIVED.

4

TABLE I. ANTHRAX ORGANISMS AND TOXIN !N LYMPH FROM

MONKEY CHALLENGED BY INrRADERMAL ROUTE.
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TImE PRIOR ORO&. IN TEST FOR TOXIN
TO DEATH LYMPH RAT

[dONKEY

(MRB.) 6/ ML (MIM. TO DEATH)

S 15 5

7 Is 240

5 19 237

3 is ISO

DEATH 26 I??

S SURVIVED

TABLE 2. ANTHRAX ORGANISMS AND TOXIN IN LYMPH

FROMl MONKEY CHALLENGED BY AeROSOL ROUTE.
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