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-Several investigators have confirmed
the participation of the lymphatic sys-
tem in anthrax infection (Trnka et al,
1956; Henderson et al, 1936; Ross,
1957; Widdicombe et al, 1956: Malek
et al, 1959). In this work we quantitated

“the change of bacilli ‘in ‘the thoracic
lymph, right lymph, and the blood
following challenge with anthrax spores
“and during the development of a fatal
septicemia in order (1) to gain more
information o the role of the lym-
phatics in pathogenesis of anthrax, (2)
to test the hypothesis on extravascular

circulation. of bacilli proposed by us:

(Lincoln et al, 1960), (3) to test for the
rcmoval -of spores from the lung
epithelium into the lymphatics and/or
blood stream immediately after chal-

_lengeé or during the infectious’ process of

the dlsedse, and (4) to determine

whether detection of systemic anthrax

might be made earlier by observation of
bacilli in the lymph than by observation

_of the blood. The routes of challenge

were intradermal, “intraperitoneal, in-

' 'tr.wenous, gastromtestmdl -and respira-

-tor\ .
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METHODS

Cannulation and sampling proce-
dures.—Cannulation of the right and/or
thoracic lyvmphatic duct of the rhesus
monkey was done by the method of

Hodges and Rhian (1962). Bisection of

the sternum exposed the thoracic--and
right lyvmphatic .ducts and the jugular- -
veins. Cannulation of the jugular vein
allowed a cannula to be placed in the
right auricle of the heart. Cannulae
were led- under the skin out ol the body
on top of the head. A simpler operation

‘was used to cannulate.the jugular vein

when lymphatic cannulation was not
desired. :

Before recovery from anesthesia the’

- monkey was placed upright in a holding
_chair to prevent the cannula from being

disturbed. Lymph flowed continuously
and was- collected in a calibrated test

. tube. The blood cannula and an inject-.
able solution of saline, glucose, Jor
- protein were connected to a 3-way -

stopcock. Blood. was sampled by in-
serting a syringe on the third outlet of.

the stopcock. After a blood sample was

taken, the cannula was immediately
back-washed with thé sterile solution.
Between sampling periods the system
was kept sterile by inserting a cotton
stopper saturated with phenol in the
syringe outlet and by wrapping - the -
stopcock ‘in gauze saturated with
Glucose -and protein hydrol-
ysate were given at a rate of 100 to’

200 .ml per 8-hour period’ (depending on
“the size of the monkey)-to prevent de-

hy dration. and h\'poprotememm of ani-
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mals in which Iymph (‘unnulac had been
placed.

This method of tdkuu, samples al-
lowed blond to be collected by 1 person
~on any -schedule without :»uching or

exciting the animal, Altho .:» *here was

some restraint of the animal, lymph
flow was continuous. Neither the surgi-
cal wound. nor the rest of the animal
- becamie contaminated, and the wouid
never became infected with anthrax
from aerasol or contact sources. The
volume of Ivmph flow was recorded at
-1 or 2-hour intervals, and bacterial

counts were done on thg total volume of
collected during .the sampling -

lyinph
mnterval. Bacterial counts were made on
" the -blood at indicated intervals. Mon-

kevs. used in cannulation experiments’

~weighed at least 12 pounds and most of
them weighed 16 to 20 pounds. Virtually

all animals were conditioned for several.’

months -before  use in experiments. A
- postoperative period of 24 hotrs was
T used throughout these experiments.-

" Quantitation of anthrax bacilli~--The
quantitative estimation of bacilli per
m! of blood or lymph was done by the
. conventional dilution plate count of 1
“ml of blood or 0.4 mi of lymph and by

“direct obsuvanon of bacilli in smears of-
S 0.03 ‘ml of blood spre.td over a 1-cm’

square surface. By observation of the

"number of bacilli in some definite num- -

‘b.cr'of nﬁcrosc’op_i(' ficlds, usually 144,
‘the number of hacilli per ml was esti-
mated rapidly - by
standard curve. Dilution plates maide at
© the same tnnc as slides could not be
read until 12 hours alter plating, but by
‘using ‘the direct count the change in the
blood or h'mph was qudntlt.ltnclx
estimated before lhc next samplc was
taken.

Acrosol m.poum' Adechnique.~When
challenge was by the aerosol route, the

monkeys were  exposed’in an air-tight -

LIxcory, ”()I)G! S, I\l EIN, NABLANDT, jn\l s, ”\l\' :

“strain. The

(W, R. €
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Fiivre 1.—Acrusol exposure chamber.

cage to an acrosol of spores of the \b
air pressure inside the:cage
was made- negative to the outside by

attachment to a ventilated hood sys--

tem. The aerosol was genecrated in a
Plexiglas  mixing g:hmnbcr‘ (figure 1)
placed over the monkey’s nose. A rubber
diaphragm which made a complete seal
when placed over the monkey's fmouth
and nose was mounted at one end of the
cyvlinder, and a Darex weather balloon .
irace and . Co., Canibridge, |
Mass.) was attached to the opposite

“end to collect the excess aerosol.

A cloud of anthrax SPOres Was acro-
solized into_the chamber. by a ncbulizer
(Vaponefrin ‘Standard Nebulizer, Va-
ponefrin Co:, -Portland, Oregon)
mounted on the side of “the mixing
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 ml.per minute. The cloud
was ‘sampled with an impinger during -
thé entire exposure period at lhi: riate of-
.2 liters of air per minute, :

After exposure, the cvlinder was re--
moved and the collecting fluid in: the
inipinger was plated on tryptose agar.
for determining the concentration of -
viable spores per ml. The volume of air

- per minute inhaled by the monkey was

calculated by the Guyton ° (1947)
formula. The calculated number. of
viable spores inhaled by the monkey .
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was obtained by multiplying the num-

ber of viable spores in a liter of aerosol
by the liters of air breathed during a
4-minute exposure. The procedure for
aerosol exposure as well as the cfhnula-
tion operation has been described on
“film by the U. S. Army Biologiral
Laboratories (1962). '

~ Other challenge methods.~~Intradermal

. (ID) challenge was over the region of

the posterior . tibia so that drainage to

- the popliteal lvmph node occurred. In-
traperitoneal (1P) inoculation was con-
‘ventional. Intravenous (1V) challenge
was through the venous cannula’ into
the right awricle of the heart, The gastro-
intestinal challenge was made by means
of a K-31 sterile infant feeding tube
(Pharmaseal Laboratories, Glendale,
- Calif.) inserted into the stomach. After
“challenge, the tube was rinsed with
“water and withdrawn.

Generalisation of data.—Certain gen-
crah/dtxons have been ‘made in this
report to allow. both presentation: of
data and visualization of the dynamic.

progressive nature’of. this disease. Fol- -

-lm\mg challengé with enough spores. to-
cause anthrax infection, a sequence of

‘\'.et_lts-oc_cu_rs-m the 1y mphatnc(s_\ stem
and blood- stream. These events are (1)
_initial observation-of bacilli-in the blood
or l\mph (2) intermittent or constant
- presence of bacilli, (3) number of
‘bacilli per ml of lymph or blood, (4)
“rate of change in the number of bacilli
_observed, and (3) death of the host. We
"have called the tcjuence of .events
Meritical points”. and we show these
critical  points. - diagrammatically . in

. figure 2. The tables of this report present’
“the c\pcmnent.ll results following this
schema. Data also are grouped accord- -
-ing to type of cannulatxon and route of

‘ challenge

In interpreting the data prcsented in
this report it must be recognized that
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Figure 2.—Schema-illustrating criticai points

in the dynamic course of anthrax infection in a
‘host. C: time of challenge; T: time of death;
F: rate of lymph flow (F; to F:: rate constant;
F: to F;: rate increasing); L: organisms in lymph
(I.1: initial detection; La: critical point initiating
rapid rise to near maximum number, Ls to Lg; -
.La: critical point initianting period of near static
growth, Li to L L number of organisms.at -
=death); B: orgunisms in blood (B,: initial detec- -
tion; Ba:.initiation of septicemia; B;: number of
organisms in terminal blood; B. to. B;: period of
logarithmic i mcre.le.e of- b'\cxlh in blood, i.e., 9ept1- ‘
: 'cemm)

individual variation occurs. A plot of -

the actual data is a series of individual -

-points tending to fall either above .or
-below the general regression observed
between successive critic 11 pomtq

< : . Rl blll TS

Lvmph on-w rates and output . of
bacilli—The anatomical variability of
the right-lymphatic duct experienced by -

- Widdicombe et al (1956) and Hughes et
“al (1956) in their studies with rabbits
- was also found to occur in the rhesus
monkey. Only 10% of the monkeys had
a common right lymphatic duct that .
entered the external jugular vein and .
could be . cannulated. Ligation ‘of a
common duct was not practical in the
remainder because the duct was bi-
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furcated, too small, or located too I B
deeply in”the chest to be isolated hy i '3:-‘;2—5:’5.' o L S
~ probing. [tis considered that in general . ISE3EX1ES S22 o5 o5 es
“the right Iyvmphatic duct draas the 2 ', ° 1
mijor partion (about 75;) of the %«, | ‘I
- lungs, while the thoracic duct drains the 2 , =,l ) . 2z - n
reninder of the lungs and some of the 2 | HES ' XX X
abdominal viscera. For those animals g o !'E| | oETy
su¢cessfully  cannulated, the lyaph o 2 i ::f'g!
flow, the number of bacilli collected .in P :5; :-5!55 z az a2z zx
thoracic and right lymph, and the < 1 !< 12X X Xx XX XX
“number of bacilli in the blood are given = 7 ! Il i s -
in table 1. : P : |
I most cases vmph flowed through- é i i l . 2 ‘
»  aut the course of discase until death. In Z:11 % I :-’j' E; ;% §
. the data presented, the lymph cannula :E'f g g:; S I
became blocked in only 3 of the 21 éllf f‘ ( :
animals. Based on the flow ratesof those £ | T o |
animals whose lvmph flowed through- £ 1 £i<1 (XX X X% %% - X% -
out the disease (table 1), both thoracic  z - ':E jRyTT =TT o
and right lymph flow rate was constant  -& ; .l i
until the septicemic stage, at which Z i f_'_,;
point the thoracie Iymph flow increased, g v 1EiE SIn ot
while the right lymph flow decreased, : io1g T A
usually with blockage at the afferent = !'E" o
“orifice of ‘the cannula. This increased S8 [Z1Ele~ =2 = ¢ -a |
Hlow rate-was 77¢ in acrosol-challenged T §j :__%vc T EDoex 22
hosts and less in those challenged by 2 | I
other routes. After the bacilli had built g l | :
up in the lvmph, blockage appeared due T ! f z 72 3%
“fo.stoppage by bacterial growth and by =} Lig =y =t Ll
“fibrin -or cellular “precipitates rather. E | Ety 28 22 g2 s21
than to a physiological response, be- 2 - §=;‘§ EL 8% sE §§
cause ‘the stoppage of fHow occurred £ 153 £7 5% iV 33
between 2 sampling periods and was not = l§5‘ gE ¢F o 5.?._'
agradual change occurring over several = | i£2 25 E2 23 ER
hours. Aninitially high flow rate tended = o ) ' '
to continue throughout the life of the = 9 m i
" animal. There was nonrandom selection £ §§§ . ; - =
of Hosts, in that all animals’in which a. - g Z22 ' o
right lymphatic duct was placed were  '§ E
challenged by the acrosol route. zZ il & 3% _ - i
. The dynamices of initiating bacillary - I -t m T _;9"2'-1
" growth.in the lymph lollowing acrosol = _ ;f:‘;‘:
challenge difiers from- that following é e 1o T ;ggg
CIDL IV, and probably IP routes of ©f |2 f % FEEE
challenge. (figure 3). In the animals ERE I T bok3
challenged by aecrosol the number of H 2 Z 2 g Rhsanet
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'SAMPLING TIME (Houns)

FiGuRe 3.—L. \mph flow rates and bacilli per ml of lvmph or bl«md nf mdn idual rhesus munkc\s'

mfc(tcd \uth anthrax. -Monkeys A to 1),

“bacteria per ml of Iymph increased
slowly, reaching a static maximum dur-
ing the septicemic phase of disease,
while Tollowing 1D and probably other
‘routes -of challenge. the number of

organisms per’ ml of lymph increased -

from zero to near maximum during a

“.-single sampling period of 1 or 2 hours.

By all routes of challenge a static maxi-
mum occurs, as shown in- figure 3.

The average number of bacilli per ml
in the lymph and the total number of

bacilli (mean nuimber of bacilli per ml
. times. average flow rate per hour) col- -~

IcCgéd in the lymph-before and during
“anthrax septicemia are given in table 1.

. We found that the concentration - of

‘organisms in - the l\mph was on the
_averageé equal to or greater than the
.concentration of bacilli -in the blood.

‘Growth of anthrax bacilli in the lymph
'.\ppedrs mdcpendcnt of -the route of
challenge. ' :
Critical pomh and quantitation of -
anthrax esiablished by acrosol, ID, 1P,
and IV challenge.-—~Data on 12 monke\s
in which inhalation anthrax was es-
‘tablished are reported in table 2. All’
animals had venous cannulae, . while 7
had thoracic and/or right lymph ducts.
The dose varied between 0.1 and. 20X
10° spores, with-most of the animals
receiving about 500,000 spores. The
variability of individual animals in the
responses recorded as time to death,

“numbers of organisms per ml of blood at'

death, or. hours organisms werc ob-
'served in.blood or lymph is representit-
tive of that observed following this"
‘route” of challenge. Time to death
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LR CHALLENGE . AEROSOL CHALLENGE 1.O. CHALLENGE ~ AEROSOL CHALLENGE
1x 108 SPores 114%10* sPORES 1x10% sPores 3.ix10% spores.
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10 : L - - 14 &
g | r 0. oz
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; 1 - r : -2 2
% H [
. X ;
w 10° - y 10 ©
. O ) . . d
e 10 | ' (8 x
© MONKEY |}  MONKEY z
£ 5 1—|{ —2 =
Z10 - '6 -
Ok - [‘4
10' e
oess N
o loo [ L ] 108 J tO_ .
TLYMPH s’ '
BLOCO

-.-R.LYMPN 'l'l;'luuuug.n_:__x__:ntipl I W i YT WS UUED SN Y LI N
olozoso«:sosoolozoaoaososoolozosoaoﬂosoo:ozosoaososo

SAMPLING TIME (HOURS)

Fioure 3 (cnx'rx.\'ul-:n).—-.\i«mkc.\'-s E to H. Symbols as fer mmlake;\-s.»;'-\'to_D. o

" varied between 25 and 147 hours. Ani-- The septicemic period averaged 2875 of
~mal no. 8 was unusual in dying early - the interval between dose and death.
with no builditp of organisms-in the . . In table 5 the data from IS'mbn_ke}"s
" blood.  These data show .that once challenged IV are given. Doses tended
bacterizi ivere -observed in the hlood to be relatively high or low. When the
-(bacteremin) progressive septicemic dose was 300,000 spores or less, -the
growth usually occurred ‘within a few blood was sterile at the  15- minute -
hours. The septicemic period ‘averaged sampling period. W hen the ‘dose was
30%; ol the interval bet\\ een- dose and 10,000,000 spores, the blood was posi-
death. - tive for the first 2 hours and then sterile
) W hen anthra\ was estabhshed by 1D until hours later when a sebt_ic_emia; was |
: challeng,e with 100,000 spores (table 3), observed. At doses of 1 X108 and above’
time to death ranged from 32 to 59 the blood remained positive throughout
hours. All 10 animals developed a high  the course of disease. The time to death
"-numbcr of orgamsms in the blood, and varied between 20 and 142 hours. When
. the septicemic period averaged 40% of the dose was low a septicemia de-
" . the'time interval between dose to death. veloped before bacilli were observed in
“The data for 8 monkeys (of which 2° the lymph; when the dose was high the .
had. “thoracic cannulae - placed) .chal- lymph became positive practically si-
“lenged by the IP route .are given in multaneously . mth the mcept:on ofA
table 4. Unusually long times to death septicemia. . : B
~ were observed for 2 of these animals. Challenge by - the - gas!rp-in:cs!i’na_l -
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SLE

0

. . _route.—Spores deposited on the ciliated . -
X % surfaces of the lung bronchials con-
.o stitute 65 to 75% of the retained spores
. ! _ from an aerosol challenge, and most of .
Z these spores pass ‘into the stomach
- within a few hours (Harper and Morton,
1953). Two monkeyvs each were chal-
lenged with doses of 102, 104, 10 and 108
5 spores, respectively, in order to deter-
. mine whether spores deposited . on
o "ciliated surfaces and passing into the
E enteric region might cause anthrax in-
X fection. All monkeys challenged enteri--
} cally survived, regardless of dose. These
ol results indicate that ‘spores deposited
i from the aerosol on cilinted membranes -
likely do not often initiate infection.
s ol _ . | A
o2l DISCUSSION A
: Role of the lymphatics in anthrax in-
2 fection . following aerosol challenge.—-
5 ' The specific data, as generalized by the
i schema given in figure 2, do not conflict
P with the observations  of Ross (1957)
- = : that entry of bacilli from the lung is
: via the lymphatics. Bacilli were not.
- 1 observed in the bloud (B,) prior to their
Y- i observation in the lymph (L;), as might.
. be expected if bacilli penetrated the:
2 2 -capillaries directlifrom the lung alveoli.
g E Although -tests were ‘m'avde for heat-
s - resistant spores, none were found in -
. either the blood or lymph at.any time.
% However, this test admittedly does not
h tell the state of the bacterial cell when
. it enters the body. We found no evi-
- =i . . dence for the direct entry of anthrax
- § . spores or bacilli from the lung alveoli
% £ into the blood stream. . - : N
:f. % __g‘:‘ "~ The lymphatic system allows a sig- .
‘£#E  nificant exchange of bacilli between the -
~ _ | ®#Ez . lymphatics and the blood. If this con-
P ¥E 1 g¥2  clusion were not true, then, as noted by
| 83F  Widdicombe et al (1956), cannulation =
= | g;:;‘ of both the-thoracic and right lym- .
| g2E .phatic ducts would -prevent or at least -
o | 288 delay the establishment of anthrax if
» =t

the' lymphatics were “the only route of




. ’
x
. Co.
=
=
- -
: Wu SN INITIR IO PILINIO 0] |
z "PAIAINQO Sinsjueiio o §
- “unglRruues 1IN tiitul) ooy ) §
7 7 - ‘uop o\ }
Z h TR JUANS By HolRInuued 10 o
- —— — et - . - - -
~ XS . L anXy 97 . WiXs - b L o
S - W0IX7T [ . 115, 4 B . o7 S X 1 N 1 A oom L SI
w XY X F oy ] D ) T WX L o ) X1 . .
P CoMIXT oy . ) AMX | 1y, . WixXe o oy RY C 0008 (4]
= WOIXE . : : : _ MXs I L -
- X ¢ [ WX ¢ : R ) T, Xz al A onol £l
— v ¥ : 01X 2 o B . T canX. ‘ B £ : ! . o
By Xt i ) o CowXE s1 «OIX L ot A £ R
ey § - : . H : H LI - H Lo
- S 01X ¢ 1Y ) C ’ - : WXt - TF A [ 4] 1
- § N . | . 3 i R § AL o .
7 WIXT 17 ' sMX ¥ .80 A Y 1o ol
W \ . " . .
| . G § 3 : $ A _ o § 3] :
- = - X, e AN X1 o : o - NG AN o 6
—_ 4 8f : : . . . C WiX 7 \ LETTE
-~ . 01X 7T 9t . 111 P ! o7 . L 0IX Y ! N 0F1 -2
- X2 " XY . o 01X 1 I ol 9
i 4 19 : Xt 17 WIXS . 8T ooy -8
= WL E 33 ) . WX 1 i ) WX . I LLL I 4
= Xy ot 201X L v 7. s WX . ) om £
v 4 7rl : CoaMX? 09 ) WOEX : 1 ol [
- T WIX9 8 . . X7 - [ - WIXT 9y O A
. % JUTITES S Poory atuaes I aan ERTTE ML LT S T TR [LUCTH I Wlmssp ponlyy . yduse . poopyy - WY . ooy . ’
AT Fod s U P 91 swspuens 22U e s — e i uony .
-~ ) 3 )y . H 4 91 - 0 N - . :
= [t Il sustueiig) ) sinogg ) £1N0}} Wt 23 swstueii) ‘_w:.,:w_.—..__.,. 10t 220 sy | uu:.u:_‘._.. nuuey OIX - aaqunu
= ———— e e -~ - -—- . : 1% Frnop) : . ) 13 je 1o o e fayuapg
— 071 51 el Sy ug (o - : s - ———— EIES B .
- " e s : - Ams Jo poual (1) Hhwsp a0 (344) poolq uy 21123200 O (1] * NILALIS g
\' Hpovq Jo aquinn _.=... s o yvagg $(e1) auod (8550311 €213Eq J0 3303 13 001N Uy Juprd eI Oy Jo (1 "y :s:r.:.oana —ﬁ:.: .
< A0S EROUINWE YL A PaFud||eyd sSajuow 10y ¢ iy w paiudsaad su .:.:.__c._ (RMID JO UONRIDOSS Y ~—'C AUV |,
K]
e
g
=
> ) .
" catie - i ~ v - : . . . * .. o -
. . R , - R s . . -
e




v " PATHOGENESIS OF ANTHRAX . 491

entry from alveoli into the body. We
" were able to obtain only 1 animal (table

2, monkey number 11; Agure 3F) in

which both the right and thoracic ducts

were cannulated and in which' lymph
flowed f{reely throughout the course of
disease. Anthrax was established by

‘respiratory challenge,- and . time- to
-~ death (Bj) was not noticeably changed

by the cannulation. Thus, it appears
that significant lympho-venous connec-
tions exist. Additional evidence for

“believing there are lympho-venoits con-

nections, possibly pathological in the

- sease of Malek et al (1959), occurred
- following stoppage of lymph flow (table

3, monkeys 7 and 8)..In these cases, the

~number of bacilli per ml in the blood
(Bs to B3) increased approximately 1

log, reflecting an increased number of
bacilli- entering the blood .through the
pathological- lympho=venous channels
in the lymph nodes. Particularly with

those animals challenged by the ID or
- 1P routes: ‘the animals having only

venous cannulae tended to have a higher
number-of bacteria per ml of blood when

" initially observed than did those having

lymph cannulac. :
~ 1f the lymphatics are the route of

- entry of anthrax organisms into the

bedy, the first Iy mph node or nodes on

the - lymphatics draining the lungs is

challenged during any unit of time by a

few hacilli, . possibly dormant spores,
" germinated spores, or newly developed
" . vegetative bacilli; these cells would be

uncapsulated.. The primary -challenge

ccontinnes until the lung is cleared, a

prpcesé that with anthrax requires

weeks,. or until death from anthrax. -
* Encapsulited bacilli that are relatively -
_resistant to ‘phagocytosis. result: with.

the furthcr growth of virulent anthrax

cells. Once the lymph nodes’ are over-
"come. tremendous numbers of “bacilli
© pour into th. blood to be distributed -
- throughout the body. With few excep-

tions, once the septicemia (B;) was
observed the number of bacilli increased
logarithmically - (B: to Bj) with 1
doubling (apparent generation time) per
48 minutes, The concentration of. bac- -
teria in the bloo2d of uncannulated
(control) monkeys at death (Bj) aver-
aged 10%® (1655 to 107-?) bacilli per m!
{Lincoln et al, 1964).

Toxins can be demonstrated in the.
terminal blood of most monkeys and in
all species of animals dying of anthrax

- thus far tested. With uncannulated

monkeys we find a negative correlation
between. time of death and both the.

- concentration of toxins in the terminal -

blood and the number of bacilli per ml
at death. We suggest that a time-con- ..
centration effect of these toxins on the
phagocytic system may be a primary
factor in initiating the terminal septi-
cemia (Ba) (Lincoln et al, 1964).

Role of lymphatics in anthrax infection

Sollowing ID or IP challenge.—When

anthrax is establlshed after 1P or 1D
challenge, it appears from our data as
well as the data ‘of others that the
regional lymph- nodes draining the site

‘receiving the spores become infected.’

Depending ori ‘dose, bacilli may or thay v
not appear in the,thoracic lymph (L,).

- immediately after challenge: A period of

incubation then occurs in which no
bacilli are collected -in “the thoracic .
lymph. Shortly. before the terminal
septicemia  (Bz), the thoracic lymph
becomes and remains pOSlth" (Ls to
L.} for bacteria which.enter the blood

- stream through the thoracic duct. Our

data agree with. the observations of
other workers;, such as Schultz et al-

.(1938), ‘that the lymph cultures are

always positive .before the blood cul-

‘tures. Once the bacteria move into the

lvmphatics, there is little or no differ- :
ence in the dynamics of infection by -
any of the routes of ch-Lllenge. aerosol,
1D, IP and as- dnscussed in the next .
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Lixcory, Hopces, KLEIN, .\[.-\lll.;\.\'D‘l‘, Joxes,
- paragraph, 1V (tdblcq 2, 3, 4 and 3),
rcspccnvdx blood.

, l...\lnwu.\rnln_i_"rirrulution of bacilli.

“The IV route of challenge (table 3)
furnished critical information on pos-
sible extravascular circulation of bacilli
through the lvmphatics that was not
furnished by other routes of challenge.
Following challenge by all routes excepl
IV, “bacteria were detected in  the
thoracic lymph- (L) some hours before
a septicemia (B:) was observed. Since
lhc IV route of challenge failed 10 show

this phenomenon when challenge was,

at low doses that consistently estab-
lished anthrax, (monkevs 9, 10, 11;
“table - 3), the - eritical expériment - to
verily that extravascular circulation of
anthrax bucilli through the lyvmphatic
would be a feiture of infection was not
supported by these data. It scems prob-
-able that anthrax cells with a volume of
at least 4 p* may be too large to follow
this route of circulation, and tests with
other particulate materials of snm‘lcr
size (such as viruses) may show extri-
vascular circulation’ to be a feature of
some infections. - :

‘Dynamics . of growlh in the lym-
- ‘phatics.~-As noted by most workers, the
_reticuloendothelial system is a
-efficient, although not perfect, collector
" of anthrax bacilli.
‘vascular bed to.clear the blood of an
initial dose up to 100 million spores hits
been noted. Also noted is the fact that
- an incipient bacteremia, except for the
:|)cr|ocl immediately prior to the septi-

" cemia, is not a feature of dnthr.n in the.
monkey -following any ‘route’ of chal-- -
The increase of organisms in the -

lenge:. : :
thofncib'lvm(ah fellowing acrosol chal-
lenge was gradual in contrast to the
observation of organisms in the thoracic
lvmph at a several log dev.mon follow-

ing ID challenge. In the latter case the.

- increase in numbers was too rapid to be
explained by simple growth in “the

‘mioved {rom th
unit of ‘time.

very )

“The ability of the

HaINEs, Rutay AND WALKER

Tymph comparable to growth in the

This ohservation seems best ex-

plained as retention by the Ivmph node.

until it is neutralized in some manner,
allowing the retained bacilli to flow to
the next lymph node or into the blood
stream. ‘ .

Once [ree flow of -bacilli occurs,
vrowth dynamics within the thoracic
lympl{ \\'érc‘_thosc of a contirtuous cul--
ture system, as would occur if a rela-
tively  constant  amount  of  liquid
entered and the same amount were re-
¢ lymphatic system per. .
The .dynamics would be
affected if rate of flow, generation time
of the bacillus, ¢r resistance of the host
changed markedly. . Although lymiph
How increased ufter scplucmm. growth
of the bacilli was essentially in equi-
librium  with the milieu. and flow.
Therefore, the number of bacilli per mi

- of effluent was also relatively constant.
Troka et al (1956) also observed in

sheep a rapid build up of bacilli in the

efferent lymph to a steady state level
“that continued throughout the course
of disease.

The 2 observations appear to
be parallel. These data make it appear
probable that the avchitecture of the
lymph nade and lymphatic vessels is
not changed appreciably by infection..
This. observation is in agrcement with
that of Berdjis et al (1962) who noted

little or no disturbance of architectural

pattern of the Iy mph nodes even though
they might . contain anthrax bacilli.
However, in a later report Berdjis et al
(1963) noted. that greater dam.nge to the
lymph nodes was obscrvcd after infec-

“tion by the cutaneous route than oc-

curred. following respiratory challenge. .-

Larly detection of systemic anthrax.-
Experimental cannulation of the lym-
phatics is a feasible method of detecting
generalized  anthrax ecaclier than by
observation of a septicemia. However,.

- considering the seriousness of the opera-"
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the . possibility that - cannulae
cannot ‘be placed, and the. biological

variability of hosts, cannulation is not

vconsid’ered a practical method of early
detection.

General  comments.—Although
exact amount varied with the individual
animal, a large volume of lymph was
removed from cannulated animals;
- particularly those with a thoracic can-
nula. We attempted to compensate for
" the attended protein and mineral loss
~by administering protein hvdrolysate
- and saline. Nevertheless, a-change in
the physiological balance of the host
attributable to the Iymph removed must
~have occurred. Cannulated animals
tended to die before similarly challenged
noncannulated . animals. This earlier
dcath occurred in spite of the fact that
“great numbers- of bacilli and large
amounts- of toxin were removed from

" the host with the lymph and did not en-_

-ter the blood stream as would occur in
an animal without a lvmphatic cannula.

In certain cannulation experiments
our colleagues in the U. S, Army
Medical Unit, Fort Detrick, Maryland,
administered -human plasma _at the
_samé rate lymph was being removed
from the body of ~monkeyvs. Their
,vtcchmque probably  would maintain
* physiological balance better than ours.

SUMMARY

Early .identification of anthrax 'in-

- fection was attempted by means of a

surgical technique allowing cannulation
_.of both. the lymphatic and blood sys-

-.tems in the rhesus monkey. This tech- -

and
--the

observation:
of organisms in

nique  permitted
“‘quantitation.

I\mphatlcs and blood - stream at any

~ given time during the infection without
disturbing the - animal.

‘tected severa! hours before

the

librium.

, . “Although the
" establishment " of anthrax can ‘be de:
a septi-
cemm, the scriousness of the surglcal_
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technique .and the variability of
individual animals precludes routine usc -
of this technique in diagnosis of anthrax.

After challenge by all routes (intra-

peritoneal, intradermal, and aerosol)-
other than intravenous,  bacilli’ were

detected in the thoracic lymph approxi-

mately 12 hours before detection in the
blood. The rate of thoracic lymph flow
was constant until septicemia and then
tended to increase in rate of flow, sug-
gesting that the architecture of the -
Iymph node and vessels was not changed
appreciably by infection. The dynamics
of bacillary growth in the thoracic
lymph- were comparable to those in a
continuous cu]ture system at equi-

Anthrax was established w htle the
right and thoracic lvmph was ‘drained
from the animal, indicating that there
was a significant exchange of bacilli di-
rectly from the lymphatics to the blood.

- Once the regional lymph nodes draining

the region of challenge became infected
there was little or no difference in the
dynamics of infection. Anthrax was not

_established following gastroxntestm'lI

challenge of 8 monkey's. .

An .\ver'\ge of 80 million bacilli were |
generated in- the, infected 1y mph'mcs
and poured into the blood-over an 8-

‘hour period beforea s¢pticemia occurred. -

The concentration of organisms in the

-Iymph was on the average equal to or -
- greater than the concentration of bacilli’
“in .the blood. Growth in the lymph ap-

peared independent of route of chal-.
lenge. Extravascular circulation (i.c.,
from blood to lymph) of anthrax bacilli

.1ppears not tO OCCUI".
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