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ABSTRACT

~ Previous investigatlons of anthrax have indlceted that the
lymphatie system first becomes involved in the dynamics of the
disease, and that lymph eamples may be used to detect anthrax
baecilll before the disease becomes spparent. The present inves-
tigations were carried out (a) to gain more information on the
role of the lymphatics in pathogenesis of anthrax, (v) to deter-
mine the extent of lymphatlc participation on extravascular
cireculation of bacilli, (c) to test for the removal of spores
from the lung epithelium into the lymphatics end/or blood stream
immediately after challenge or during the infectious process of
the disease, and (d) to determine whether systemic anthrax might
be detected earlier by observation of bacilli in the lymph then
by observation of the blood,

In these studles, the thoracic eand right lymph ducts of rhesus
monkeys were ceanulated. The organisms in the blood end lymph. were
compared both by dilution plate count end by direct count after the
animals were Infected by various routes of challenge,

Anthrax was shown to be esteblished by the intraperitoneal,
intracutaneous, or gastrointestinal routeg through the lymph nodes
that drain the region of challenge. In animals challenged by
aerosol, the bacilll enter the lymphatics from the lung and are
passed to the blood., Thereafter there is little difference in the
dynamics of infectlion among the methods of challenge.

Although the presence of the anthrax orgenism can be detected
in the lymph before it can be detected elsewhere in the body, the
cannulation is a serious and unsure operation and should probabliy
not be used routirnely to detect the diseese.
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I.. IN’I‘RODUCTiON

Several investigators have -conflrmed the partlcipation of the lymphatic
system in an anthrax infection.!"§ In order: (a) to gein more information
on the role of the lymphatics in pathogenesis of anthrax, (b) to test the
hypothegia on extravascular circulation of bacilli proposed by us? (e¢) to
test for the removal of spores from the lung epithelium into the lymphatics
and/or blood stream immedfiately after challenge or during the infectious
procese Of the disease, and (d) to determine whether detection of systemic
anthrax might be made eerlier by observation of bacilli in the lympl than
by observation of the blooud, we quantitéted the change of bacilli in the
thoracic lymph, right lymph, and blood following challenge with ahthrax
apores and during the development of & fatal septicemia. Reoutes of chal-
lenge were intradermal, intraperitoneel, intravenous, gastrointestinﬁl, and

“vls the respiratory tract.

II. . I\ETHODS ' .- S ..:'_.;...;,‘.{.'..’.;,,,..4. __:L..‘_l;.',:, "

A, CANNULATION AND SAMPLING PROCEDURES

A nmethod of cannulating the rigiit or the thoracic lymphatic duct of
the rhesus monkey¥* was developed and reported by Hodge end Rhian.? The
thoracic duct, right lymphatic duct. and Jugular veins were exposed by
blsection of the sternum. The lymphatic ducts were cannulated and led out
uonder the skin and out of the body on top of the head. Simultanzous ’
cannulation of the jugular veln allowed a cannula to be placed in the
heart. lowever, when lymphatic cesnnulation was not desired, the jJuguler
vein was cunnuleted by e simpler operation. in less than 10 per cent of
the monkeys did & common right lymphatic duct enter the externul jugular
veln. In the remainder the duct was efther too small, located too deep
in the chest to be isolated by probing, or so bifurcated and deeply em-
bedded in fat that ligation of a common duct was not practical. A thoracic
aannule wvas placed, successfully in approximately 80 per cent of the monkeys.

Before the monkey recovered from anesthesim, it was placed in an
upright position in a holding chalr to prevent the cannula from being
disturbed., The Lymph flowed continuously and was collected in a calibrated
test tube. The blood cannula and & solution of saline, glucose, or protelan

¥ In ~opducting the research feported here, the investigators adhered io
"Frineiples of Taboratory Animal Care" os established by the Nailonal
oottty of Medlcal Resenrch.
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inserting a syringe on the third outlet of the stopcock.. After a blood

. there wag gome regtraint of the animal, lymph flow was continuous in rate of

- bacilll per mi was estimated rapidly by reference to the standard curve,

was connected to a three.way stopcock. Blood was sampledaﬁhen desired by

sample was taken, the cannula was alweys back-washed immediately with a A
sterlile solution. The system was kept sterile by inserting a cotton

stopper ssturated with phenocl in the syringe outlet between sampling

periods, and wrapping the three-way stopcock in a gauze saturated with
phenol. Gluccse and protein hydrolysate were given at a rate of 100 to

200 miliiiiters (i, per eight-hour period, depending on the size of the
monkey, to prevent dehydration eand hypoproteinemia of animals in which

lymph ¢aanulee had been placed.

This metnod of teking samples allowed blood to be collected by one )
person on any schedule without contacting or exciting the animal, Although

flow, Neither the surgleal wound nor the host became contaminated, and

the wound never became i{nfected with anthrax from aeroscl or contact
sources, The volume of iymph flow was recorded at one- or two-hour inter-
vala, ahd bacterial counts were done on the total volume of lympk collected
during the sampling interval., Bacterial counts were made on the blood at
one-, 1%o-, three-, or four-hour intervals, depending on the experimental
design and atate of knowledge. Monkeys used in ecannulation experiments
weighed ut least 12 pounds and most of them weighed 16 to 20 pounds.

B. QUANTITATION OF ANTHRAX BACILLI

The quantitative eastimation of bacllli per ml of blood or lymph was
done by two methods=~—the conventional dilution plate count, and by direct
cobservation of a known volume distributed over a known surface. In the
latter method, a stendard curve to quantitate the direct observation method
was developed initially by determining the correlatlion between the number
of baclilli in a sample of blood and the number per microscopié field.
Bacilli were spread (0.02 ml blood over one square centimeter (cm) surface),
fixed by drying, killed by immersion for five minutes in 10 per cent
formalin, and steined with Giemse stain. By observation of thé number of
bacilll in some definite number of microscopic fields, the number of

A regreassion of direct count on plate count of r = 0.99 was observed in
developing the standard curve. Counts of any desired accuracy were made
by varying the number of microscopic fields (area) counted. In cur ;
standardized procedure we routinely count 1hy fields if counts were in the :
range of 10% to i0® bacilli per ml and fewer fields as the count increased
above that range. Uslng the direct count, the change in the blood or lymph
was quantitatively estimated before the next two-hour sample (one hour if
urgent) was taken. Dilution plates that were made at the same time as

slides could not be counted until at least 12 hours after plating.
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C. AEROSOL EXPOSURE TECHNIQUE

When challenge was by the aserosol route, the monkeys were exposed in an
air-tight cage to an serosol of spores of the V1b strain. - The alr pressure
inside of the cege was made negative tc the outside by attachment to a
ventilated hood system. The aerosol of spores was generated in a Pléxigles
cylinder (Figure 1) 28 cm long and 6.5 cm in diameter. A rubber diaphragm,
_ which mede a complete seal when placed over the monkey's mouth and nose,
was mounted at one end of the cylinder. The opposite snd of the cylinder
vas reduced to 1.9 cm to fit the inflatable end of & Darex weather balloon¥
that was used to collect the excess aerosol.

To begin the exposure, the cylinder, which is the aerosol mixing
chamber, was placed over the monkey's nose, By a nebulizer** mounted on
the side of the mlxing chamber, a cloud of anthrax spores was aerosclized
into the chamber. The nebulizer was operated with an air flow rate of 16
‘liters per minute,and the liquid spore suspension was disseminated from the
nebulizer at a rate of 0.08 milliliter per minute. The concentration of
gpores in the nebulizer was calculated on the basis of the welght and
respiration rate of the monkey. Time of exposure was four minutes and the
cloud wes sampled during the entire exposure period with an impinger at the
rate of 7.2 liters of air per minute.

After exposure, the cylinder was removed from the monkey's nose and
mouth. The collecting fluid in the impinger was removed and plated.on
tryptose agar. By determining from plate counts the concentration of
viable spores in the collecting fluld with the volume of sampled aerdsol
known, it was possible to calculate the number of viable spores per liter
of aerosol. The volume of alr inhaled by the mbnkey was calculated bj the
Guyton formula;8 this result was multiplied by time of exposure (four :
minutes) to obtain total amount of air breathed, The actual number of
viable spores inheled by the monkey was calculated by multiplying the
number of viable spores in a liter of aerosol by the liters of air breathed,
The procedure for aerosol exposure as well as the operation has been
described on film,*%%

D. OTHER CHALLENGE METHODS

Intradermal chellenge was over the region of the posterior tibia so
thal drainage to the popliteal lymph node occurred. Intreperitoneal

* W. R. Orace and Go., Cambridge, Mass.
¥* Vuponefrin Standard Nebulizer, Vaponefrin Co., Portland, Oregon.
*%% Film entitled "Pathogenesis of Anthrax - By Cannulation of the
Lymphatics System" Library No. RH-103. Tech. Releases, Technical In-
formation Division, TFort Detrick, Frederlck, Maryland.
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AEROSOL MIXING CHAMBER
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inoculation was conventional, Ihtravehous chailenge was through the venous
cannula into the right side of the heart. The gastrointestinal challenge
wvas made with a tube inserted into the atomach.

III. RESULTS AND DISCUSSION

A. CRITICAL OR INFLECTION POINTS IN THE PATHOGENESIS OF
ANTHRAX

Although the pattern of host resistance and growth of the anthrax
bacilll varies with animal species,9 certain characteristice of in vivo
X " growth occur in the dynamic spread of infection via the lymphatic system
' and blood stream. Certain generalizations have been made in this report
to allow both presentetion of the data and visualization of the dynamic
nature of this disease,

- Follovwing challenge with enough spores to cause anthrax infection, a
predictable series of events occur in the lymphatic system and blood stream,
These critical points are initial observation of bacilli in the lymph or
blood and whether bucilll are observed constantly, the aumber of bacilli
per ml of Lymph and blood, and the rate of change in numbers and desth of
the host., These critical points are dlagrammed in Flgure 2 and results
following this scheme are presented in Tables I through V. Data for
challenged animals are grouped according to the type of cannulation and
route of ¢hallenge.

B. LYMPH FLOW RATES AND OUTPUT OF BACILLI

The anatomical veriability of the right lymphatic duet experienced by
Widdicombe et 8l® in their studies with rabbits amlsc was found to occur in
the rhesus monkey. The most simple variebility was the presence or absence
of a common duect. Where an anastomosis of the lymphatlcs occurred, the
possibility existed that collateral lymphatics drained not only the lungs
but some of the abdominal reglons. Taking into comsideration these avove
variables and the pathogenesis of the disease, the lymph flow as depicted
in Table I can be explained on the basis of the reglonal lymphatic anatomy
where 1t 1s considered that the right duct drains the méjor portion (75 per
cent) of the lungs whereas the thoracic duct drasins the remai.der of the
lungs and some of the abdominel viscera., Lymph flow was essentielly
constant in both the thoracic and right lymph ducts pricr to anthrsx
septicemia (F;, Fy, Figure 2). Flow rates remained constant until the
stress of septicemia (Bj) resulted in an increase in the rate of flow of
the thoracic lymph (Fa, Fg).
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T: TIME OF DEATH
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L = INFLECTION POINT INITIATING PERICD OF

3 NEAR BTAYIC GROWTH, L‘- L‘

L4l NUMBER OF ORGANISMS AT DEATH

BI # INITIAL OETECTION

.2 2 INITIATION OF

SEPTICEMIA

93'NUM!ER OF ORGANISMB IN TERMINAL 8LOOD

B,- Bys PERIOD OF
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Figure 2, Schema Illustrating Critical or In{lection Points

in the Dynamic Course of Anthrax in a Host.
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All animals heving the right lymph duet canuuleted were challenged by
the aerosol route. Flow rates of the right lymph duct decrcsesed approxi-
mately 27 per cent vhile the rate of thoracic lymph floW increased Li per
cent during the septicemic phase of the disease (Fj, Fg). All other
challenge routes showed an increase of thoracic lymph during anthrax
septicemia (Teble I). The intravenous route increased about 18 per cent
while the intraperitoneal and intradermal increased only 7 per cent.

The rate of flow before (Fy, Fy) and during anthrax septicemia (Fj, Fj)
was also shown to affect lymphatic output of anthrax bacilli, The avarage
number of bBacilli per ml in the lymph and the totel number of bacilli
collected in the lymph before and during anthrax septicemia are given in
Table I. The latter value was calculeted from thé mean number of organisms
per ml times the average lymph flow per “hour. " The bacilli in the lymph
were increased approximately two logs or higher during the septiceinic phase
of the disease (Fq, F3). This inéreased output of bacilli from the lymph -
was partly associated with lymph output, because thoracie lymph hed a hh
per cent increase of lymph during septicemic anthrax. -

In lymph from the right duct, bacilli were present in a.two-log increase

in concentration and thereby compensated for the 27 per cent dedreasge in
lymph flow from this duct during the same phass of the disease., We also
found, however, that the lymphatic concentration of organisms was on the
average equel to or greater than the concentration of bacilli ia the blond
during any glven phase of +the dlsease, Too few cannulated animals were
quantitated to show possible significant differences between the challenge
routes and lymphatlc output of organisms from each duct. Until after the
initial rise of organisms in the lymphatics, the total number of bacilli
appeared varlatle by all the challenge routes, which possibly reflects, in
part, the individual resistance of each animal té the disease, However,
after the initial increase in number of anthrax organisms in the lymph, the
total number of bacllli appeared constant by all routes of challenge.
Thus, it seems the lymphatic system supports the growth of anthrax bacilli
at a rate independent of route of challenge.

C. ROLE OF THE LYMPHATICS IN ANTHRAX INFECTION FOLLOWING
AEROSOL CHALLENGE

The schema given in Figure 2 shows that the role of the lymphatic
system in the psthogenesis of respiratory anthrax does not conflict with
Rose? who observed that bacilli enter from the lung vie the lymphatics.
Bacilli were not observed in the blood (B1) prior to their observation in
the lymph (L;) as might be expected if bacilli penstrated the capillaries
directly from the lung alveoli. Although tests were mede for heat-resistant
gspores, none were found 1n elther the blond or lymph at any time; however,
this test admittedly does not tell the state of the bacterial cell when it
enters the body.
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The lymphatic system appears to allow a significant ejychenge of bacilli
betweean the lymph nodes and the blood., If this conclusion were not true,
then as noted by Widdicombe et al, cannulation of voth the thoraclc and
right lymphatic duets would prevant or at least delay.the establishment of"
anthrax 1f the lymphatics were the only route of entry from alveoli into
the body. We were able to obtein one animal (Monkey 11, Mable II) in which

both the right and thoracic dudts were cannulated and in which lymph flowed--

freely throughout the course of disease., This animal was challenged by the
respiratory route. Anthrax was estebiished and time to death (By) was not
noticeahly changed by the cannulation. Thus, it appears that significant
lympho-venous connections exist. : e

Additional evidence for believing there are &ymyuu—{enO“S cornnn+1nna
possibly pathological in the sense of Malek et al,_ occurred following

stoppage of lymph flow (Teble III, Monkoys 7 and 8). "In these cases, t§9 e

number of bacilli per ml of the blood (Bz - Bs) immediately increased
approximately one log, reflecting the incressed number of bacilli entering
the blood of pathological iympho-vencus channels in the lymph nodes."“”

We interpret our data to show: (&) that the lymph nodes are hishly

_ efficient collectors of the haoilli since intermittent bacilli were rarely

observed through & long incubation period (Ly - La), but a rapid buildup -

. oceurred (Ls - Lg) after the initial observation (L,) of baeilli An. the -

efferent lymph, and (b) that the lymph nodes are overcome successivély ane
by one, since the overflow of bacilli into the bluod at both the thoracic
and right lymph duct increased to nearly a maximum (Lg) within a few hours
following initlal observation. The increase in numbers wes too rapid to
be explained by simple growth as with a septicemia (By - Bj) and is best
explained as & none-or-all flow occuriing after the last lymph node was
overcome,

The growth dynamics were those of a continuous culture system and would
occur 1f u more or less constant amcunt of liguid entered the lymphatic
system per unit of time and the same-amount were removed, The dynamlcs
would be affected Lif rate of flow, generation time of the btacilli, or
resistance of the host changed markedly.

Our data show that the rate of lymph flow was not affected during the
course of disease until septicemia., Growth of the bacilli was ln equilib.
rium with the milieu and flow and since the latter two conditions are
¢casentially constant, the number of bacilli per ml of effluent also was
constant., These data make it appear probable that the architecture of the
1ymph node and lymphatic vessels is not uhanged appreciably by infection.
his 1s in agreement with Berdjis et al who noted 1little or no disturb-
ance Of arghitectural pattern of the 1 ymph nodes even though they might
:entadin anthrax tacilli. Although Trnka et all did not give rates of flow
ir Lnelr report on sheep, they too observed a rapid buildup of bacilli in
the efferent iymph to a level that continued throughout the course of
disease,  The two observations appear to be parallel,

© e e ————
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: Other workers experimenting with pathogenic agents have noted that
whether or not disease is established is determined in the first few hours |
after challenge. A similer conclusion can be drawn for anthrax.. The firat - .
lymph node of the series of nodes on the lymphatics draining the lungs is '

_ challenged duiing any unit of time by a few bacilli without a detectable
capsule, 1.e,, dormant spores, germinated spores, or newly developed vege- -

- fative pacilli. The primary challenge continues (&) uatil the lung is
cleared, & process that with anthrax requires weeks, or (b) until death
from enthrax, With further growth of the bacteria in the lymph node, lymph
vessel, or phagoeyte, encepsulated bacilli develop that are relatively re- S
gistant to. destruction by the phagocytes. Once the lymph-nodes are over« .- - =
vome, tremendous numbers Of bacilli are poursd inbo thé biocd. Obssrvetioéns

approximbtely 80 million pacilli were collected in the Lymph-of -the -
.- pannuleted: monkeys- (Bs).. - The.remarkable efficiency of the reticulo-
* “endothelial system as 8 filter of bacteria yas demonstrat by the
that during thls péricd’ only an incipient bacteramia vas ‘obsarved
in elthey uncannulated or lymph-cennulated monkeys, . ol

_After overflow of bacilli through the thoradic a&nd right.lymph-du
inbo-she: vensus blood (Ly), the.bacilli are distributed iAFougliout -thi
body, and, a3 noted above, retained By the rétisuls-endsthe) ial-sys’
With few exceptions, once the gsepticemia (Ba2) was observed the number of
baeilli increased logarithmically (Bs - By) with one doubling (apparent
generation time) per 4B minutes. The concentration of bacteria in the i
blood of uncannulated (i.e., control) monkeys at deatl (By) averaged 1088
(lO‘J to 107?) becilli per ml. The variability in the terminal concen- .
tration reflects variation in the resistance of the host to anthrax toxins}?
snd also it would be expected that there would be & summation of toxin
concentration multiplied by time of acting on the host.

Blgevhere well have shown that anthrex toxins caeuse -‘cath of the rhesus
monkey and that toxins can be shown under certain conditions to increase
in concentration in the lymph for many nours before death. Toxina can be
demcnstrated in the terminal blood of most individual end all sgpecles of
animals dying of anthrax thus far tested. We find a negative correlation
petween time of death and elther the concentration of toxins in the
terminal biood or number of bacilli per ml at death. King and Steini? have
shown that vigetative cells are virtuaslly nontoxic; therefore, toxins
appear to be the principal constituents elaborated vy the anthrex bacilli
that cause death. Not only do anthrax toxins cause death, but weld suggest
that & time-concentration effect of these toxins on.the phagocytic system
may be a primary factor in determining the time of initiaton of the
terminal septicemia (Bj).
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E EXTRAVAGCULAR CIRGULA'.D'tON OF BAGILLY AND ROLE

erutE'&Té "SiMiIAY to thoss &F Animals” challenged b orhé&F means

. D. ROLE OF LYMPHATICS IN ANTHRAX INFECTION FOLLOWING

INTRADERMAL OR INTRAPERITONEAL CHALLENGE

When anthrex 1is eltablished after intraperitoneal or intracutanecus
challenge, it appears from our; data as well as from the data of others that
the regicnal lymph nodes draiqing the site receiving the spores become '
infected. Depending on dose, ; ‘bacilli may or may not appear in the thoracic -
lymph (Li) immediately after Ahallenge. Then a period of incubation occurs
in which no bsellli are collﬁcted in the thoracic lymph, and shortly before
the terminal septicemia (Bg)qcan be directly observed, ‘the thorscia lymph
becomea and remains positivei(Lg - L4) for bacteria, which enter .the blood --
stigam through Vhs thoracis duct., Basically, oaee the bacteris move Anto

the 'lymphaties, there is lifitle or.no.difference in the. dynemics of - . ;;"h

infection by any of the_roqtes of challenge~ aerosol,. intradermal, intra- o
peritoneal,or gastrointeatinal (Tables II, IIT and IV). .. .. .. . N

FOLLGWING Imtmvmnovs i"HALLENGE |
- Ths* dynamius of the 1nfection;1njan1mals challenged by the

1]
TEBIE V).
However, this route furnishes information on possible extravascular ecircu-
lation of bacilll through the lymphatics that wes not furnished by the
other routes of challenge. Following challenge by all routes except
intravenous, bacteria were detected in the thoracic lymph (L;) some hours
before a septicemia (B;) was observed., Since the intravenous route of
challenge faliled to show this phenomenon when challenge was at relatively
low doses (Monkeys 9, 10, 11, Table V) that consistently establishad
anthrax, the critical experiment to verify that extravascular cireulation
of anthrax bacilli occurs was negative. Thus, our hypothesls presented in
an earlier paper,!d that extravascular circulation of bacilli through the
lymphatic would be a feature of infection,was not supported by these data,
It seems very probable that anthrax cells with a volume of at least four
cubie microns may be too large to follow this route of circulation., Testéd
with other particulate materials of smaller size, as viruses, may show that
the hypothesized extravascular circulation does occur.

In addition to the above reported data, monkays were also challenged by
the gastrointestinal route. This Aype of challenge was performed to deter-
mine whether spores from the aerosol challenge route that reuched the
enteric region caused foci of infection that resulted in the establishment
of anthrax. Spores deposited on the ciliated aurfaces of the lung slveoli
constitute 65 to 75 per cent of the reteined spores from an aerosol
challenge, and most of these spores are passed into the stomach within a
few hours.! Two monkeys each were challenged with spore doses of 102, 104,
lO8 and 108 , regpectively by means of a K-31 sterile infant feeding tube*

* Pharmaseal Laboratories, Glendale, California.
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~ inserted directly into the stomach. After chalienge"the tube was rinsed

e

from spores depcsited on the-ciliated membranés of the lung and in_the head

- detecting generalized enthrax earlier than by observatinn of a septicemia.

~.1ty~of-hosts, cannulation is not - consid@red &. practical method of. early
—‘rdetection. : 4 e : S

"t

with distilled vater and withdrawn. All monkeys challenged enterically
survived regardiess .of dose, indicating that infection by the enteric route

and mouth does not. appear to be likely but does remain a remote possibility.
E.. EARLY DETECTION OF SYSTEMIC ANTHRAX
Experimental cannulation of the lymphatics is a feasible method of

However, considering: (a) the seriousness of the operation, (b) the ' -
posalbility that cannuia cannot be placed. and (¢) the viological variabii- -

S - s - I T C SRR N

"*ﬁGﬁﬁﬁhﬁi”COMﬂENTS" ”‘%ﬁ'i' f;:'v

«;;Qtime-to~death.

A
The prolonged use of protein Lydrolyzate and glucose in preventing ,
hypoproteinenmis 1s thought to change the ousmolarity of the blood. This was
remedied by substituting human plasma at the same rate lymph was being '
removed from the body. Fortified dextran®* with notassium and magnesium was 1
also effective but inferior to the human plasmr. Eovine serum was tried i
1

with poor results. Monkeys, after the flrst injection of bovine serum,

became violently ill.with ensuing vomiting, respiratory distress, and
flnally death. :

IV. SUMMARY

fair o cge oin

In order to determine whether systemic anthrax might be detected
earlier by observation of the Lymph than of the blood, and to better under- -

stand the role of the lymphatics in the pathogeneeis of authrax, the %
thoracic and right lymph duets of rhesus monkeys were cannulated. The 3
organisms in the blood and . lymph were compared after different routes of 4

challenge. £ o

* Abbott Leboratories, North Chicago, Illinois.
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After challenge via the aerosol route, initial entry of bacilli from
the lung oc¢curs primarlly through the lymphatics to the blood. A
bacteremia was never observed prior to the observation of bacilli in the
lymph. Folilowing a challenge of about 500,000 spores, bacilli usually
were observed in the thoracic lymph at about 20 hours. A bacteremia was
observed later usually closely followed by & fulminating septicemia.
Anthrax was established while the:ripht and thoracic lymph was drained frem
the animal, indlcating there 1is a significant exchange of vacilli directly
from the lymph&tics to the blood.

"Lymph nodes were highly efficilent ¢ollectors of anthrax bacilli aé
lymph tended to be either sterile or, after the initial observation of
bacilli in the efferent lymph, to bulld up very rapidly in aumber of

bacilll per ml of lytph. These observations indicate that lymph nod&s are

overcome successively, Once the rapid buildup of organisms in the lymph
vocurs, the growth dynamics are similar to ‘those of a continuous culture
system at equilibrium staté, The rate of thorseic lymph flow was conatant
until septicemia then teided to increase in rate of flow, sugzesting that
the architecture of the lymph node and vessel 13 not changed appreciably
by infection. An average of 80 million becilli were generated in the

- infectad lymphaties. anu poured into the blood ower an 8 hour period before -

& septicemin ocdirred.

When anthrax is established by intraperitoneal, intracutaneocus or
gastrointestinal chalilenge, the regional lymph nodes draining the region
of challenge become infected., Thereafter, there is little or no difference

in the dynamics of infection from that described following challenge by the

aerosol route, Aclter challenge by all routes except intravenous, bacilli
were detected in the thoracie lymph, approximately 12 hours before detection
in the blood. Because bacilli falled to be found in the thoracic lymph
before bullding up in the blood after intravenous challenge with a low

dose, extravasculaer circuletion (1.e., from blood to lymph) of anthrax
bacllli appears not tvo occur. In spite of the fact that cannuletion of

the lymphailcs allows detection of systemlc anthrax before it can be
identified in the blood, the serlousness of the operation to cannulate the
thoracic lymph and the inherent morphological and physiologicael variation

of individual hosts precludes routine use of this technique in diagnosis

of anthrax, Anthrax was not established following gastrointestinal
challeuge of eight monkeys.

¥
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