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In conducting the research described in this reporE, the

invest-gators acnerec to the "Guide tor Laboracor-y Arimal
Facilities and Care," as promulgated by the Committee on
the Guide for Laboretory Animal Facilities and Care of the
Institute crf Labordtory Animal Resources, National Academy
of icienceai-National Rehearch Council.
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VALUE OF FIELD DATA FOR XTRA1OLATION IN AhMULAX

ABSTRACT

Data are presented to support the hypothesis that animals
resistant to the cstablishment of anthrax are susceptible to
its toxin, the former shown by dose of organisms and the latter

by challenge with sterile tcyin, and by the number of organisms
and units of toxin per m! in terminal blood. The variables
discussed axe dose, doublirg rate in the blood, terminal number
of orianisms per ml of blood, units of toxin per ml of terminal
blood, inhibition of phagocytosis by toxin, spore germination
withliu the phagocvte. quantitative phagocycovr 4,n Witro, and
lysis of phagocytes in vitro. The need for quantitative inior-
mation from field cases of anLhrax is emphasized for its useful-
nesa as research intormatton pev se and to more completely
understand field anthrax. In addition, the information obtain-
able by a fitid serological survey and its use are discussed.I j

One of the unfortunate generalizations that we may make of the litera-
ture on anthrax is hat it is largely descriptive and it almost completely
lacks quantitaLive information. Even in laboratory exppiiments, animals
are reported as unobserved for long periods of timc, which make question-
able any statements regarding the rim or death or specific response atI death.

Experimental data leads to the hypothesis or model that species
naturally tall into two classes: (i) those resistant Lo establishment
ol -7thrax, but, once it Is entablished, susceptible to the toxin; and
.(ii) the converse situation, species susceptible to the establishae.:t

of the disease but resiutant to the toxin. The minimum data requirea
for placing a species into the category of resistant or susceptible to the
establishment of anthrax will be Indicated. Informatior that may be

Since data ou toe ,LLovd levels of bacilli and toxin at death are
available, the relationahip between these two variables can be presented
as wP11 as the more extrapolative aspectz zf this . . rale I
sh.ws that (i) each species has a chiracteristic rate of septicemic
development, (ii) death occurs when Lhe number of bacilli in the blood
reaches a predetermined number, and (iii) the uniits of toxin are directly

Si
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relaf ed to uumber of orgaiiisms per ml of blood. The eapticamnic doubling
rate does not change with changes ir, resistance attributed to iamuty

(guinva pig and raL); havr, the number of organisms and uL11(f of toxin
per ml of blood at death Increase. Further nformation ahowing theat the
terminal number of organi.sms in the blood of guinea pig and rhesus monkey
ie directly related to the toxin level is given in Figures 1 qnd 2. is
relationship can be influenced by time of death (Fig. 2) in that the4
ahort-r the tiru: to duath, the higher the numbcr of organisms an, uiLtLL
of toxin per ml of blool at death, and, conversely, the loager th. tit.ae
to death, the lower tht nambtr of organiams and units of toxin per ml of
bloodi The dose-resp3nse relacionship of the rat to sterile toxin
(Fig. 3) also supporLE this generalization.

TABLE I. QUANTITATI'E DYNAYiCS OF THE SEPTiCEMIC FHASE OF A-WHRAX

Terminal Blood
Doubling Time _O~anisma per ml Units of

Species Min. Conf. Interval No. Conf. Interval Toxin/ml

House 45 37 - 59 1 X I07' °  lp '  to I0'1 -

Guirea Pig 53 41 - 73 1 x le I0P"° to i0- 80

Guinea Pig 53 - 5 x 107  55

(I~ePA5)

Guinea Pig 53 - X ice 25
(l~mno PA5 4 LV)

Rhesus Monkey 48 20 - 300 1 x 10f ' 1i f* to 10' ' 35

Chimpanzee 155 - I x up., - 110

Rat, NIH Black 120 102 - 139 I x r 10O -0a to 10" -

Rat, Fischer 344 120 - I x up*"  102T " to lo", 15

Rat, F344 - 1"
(Immune PAS)

Rat, F344 9
(Immune PA5 + LV)

j __
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Certain generalizations may be made from. these data. We know that once

a septicemia is observed progression of the disease is rapid and predictable.

Figure 4 is mcdified after Keppie, Swith and Harri s-Smith, and we have

published similar data on several species. With the guinea pig, once the

septicealia is detectable by observation of organisms on a blood smear,

there is an average of 12 hours until death arid about 4 hours in which

treatment with streptomycin can be initiated with any expectation of

recovery. Whether the host recovers or not depends upon the amount of

toxin fixed. Keppic et al.i showed that after a critical level of about

1 x ].I to 3 x 1CP organisms per ml was reached, treatment with streptomycin

(which reduced the level of organisms in the blood to essentially the zero (

lev , i rerely _xLended the time to death. Both rats3 qnd monkeys' challenged

with sterile toxin survived if antiserum was administered during the first

third ot the period bctween challenge and death (established by untreated

control animals). If antiserum waN given after thib period, death still

occurred; however, the time to death was extended, It is appropriace to

_ 
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TABI! 2. RELATIONSHIP BETWEEN SUSCEPIIBILITY TO TOXIN CHALLENGE
AND RESISTANCE TO ESTABLiSiEMfc£ OF ANTrHRAX

Time Lo Relative Resistance
Units of Toxin/Kg Death, to Pareneral Chqllenge

speciec Causing Death hours of Spores a-

Mouse 1000 24 very susc.
Gui,'a P~8  1125 24 9usu.

Rabbit 2500 72 ausc.
Rhesus Monkey 2500 28 susc.
Chimpanzee 4000 60 8usc.
Rat, NIH Black 280 20 resistant
Rat, Fischer 344 15 2 resistant
Beagle 60 20 very resistant

6. Specific information given in Tables 3 and 6.

It oiv! accepts the above basis for generalizatioi, then the dose to
establish anthrax infection is invaraaly related to the number of organisms
per ml of blood at death. The data in Table 3 show that species that require
a large dose to establish the disease have a low number of organisms in the
blood at death, and vice versa. Although we believe that the units of toin
are of =ere significance than thii nunr Qf bacilli, these daLt are still
more difficult to collect. Nevertheless, we have shown a strong positive

- LC. ' 'at -c "'- s vahla ua a6u . Lv ulutciluiii vuamL~LLiLve informay-i(yn

on the number of baclli per ml of blood at death of any species of interest,
a calculated prediction can be made as to the probable dose required to
infect that host. Criticism could arise from the fact that we do not know
the route of infection in field cases; however, it is our experier :e with
nuneroua laboratory bpecies that the route of infection does not " any way
affect the terminal level of organiems. In any case, we suggest that a
calculated realistic dose is better than continued ignorcn= -; there~ue,
until data become available this relationship is a reasonable working model.
It is. moreover, a working model readily susceptible to critical experimental
examination.

r
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TABLE 3. INVERSE RELATICNSHIP BETWEEN DOSE TO ESTABLISH AN'IMAX
AND N"UMBR OF ORGANISMS PER L OF BLOOD AT DEATH

Dose to Quantitation of Blood
Escabfish at Death
Parenteral Bacilli Toxin,

Relative Anthrax, per ml units
Species Resistance 8pore per ml

Mouse Very susc. 5 0
9  -

Guinea pig Susceptible 50 lca ,3  50
Rab,) Lt Susceptible 5000 C10, -

Rhesus Monkey Susceptible 3000 lO' 35
Chimpanzee Susceptible - I09, 110
Rat Resistant ix l0 i0e 15
Dog Very resistant ca. 50x108  

- -

Certainly the proposal presented above is not the only approach to this
problem. .1,e idecl model would not result in the death of the fost and,
since blood can be readily obtained, it would be a very desirable system
on which to construct an extrapolative model. The only kn:own other attempt
to aszemble facts on anthrax su that some extrapolative evaluatiou may be
made is the preliminary work by Rosenwald et al.* in changes in pl-4gocytic
and anthracidal activity of blood cellular components as influenced by
anthrax toxin concentration. T.ey .ttcnptcd u exLcfnd the cb.crvati -

W of ...shi.A e al.) on the highest dilution of terminal guinea pig serum
that gave positive inhibition of phagocytes from different species
(Table 4). 1hose species having leukocyces most sensitive to toxin are
several known to be tusceptible to establishment of anthrax, the guinea
pig, rabbit, mouse and sheep, with those unknown, man, cow and horse,
included in chis group; leukocytes of the mort LeOAstant spcgieo ale veLy
resstanL to inhibition by toxin. Because Rosenwald et al.* could not
duplicate the Japanese observations, they went or. tc survey ocher inter-
actions betwjeen the phagocyte and spore. Table 5 presents two responses
that were studted. The differences among species are interesting, but
until combined with other data (Table 6, they have little consistency.
When combined with the other quantitative information available on anthrax,
there is definitely a difference between the species listed as susceptible
or resistant. Tn rhe _,s-eptible gtuup, as regards doue required to
eacablish anthrax, the terminal number of organisms is higher, inhibiction
of phagocytes by toxin is greater, a higher unit of toxin is required to

kill by intravenous inlection, and intracellular germination of spores

* Rosenwald, A.J.; Jones, W.I., Jr.; Lincoln, R.E. Unpublished data.
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in phagocites is consistently different from that in the resistant group.
This is not a coincidence but an indication of general interrelationship

- - of host-parasiLe interaction. The whole problem of exttapolation of disease
response from. experimental animal. to man is so complex and difficult that
we think it inappropriate to do more than suggeat that the apparent rela-
tionship is real and that more work needs to be done to explore thts model- (

TABLE 4. SUSCEPTIBILITY OF LZUKOCYTES
OF SEVERAL SPECIES

TO ANTVfAX AGGRESSION

.ax imum Fina
Dilution of Positive

Species Inhibit izn

Guinea Pig, Cow, Man, 1:32
Rabbit, Sheep, Horse

House 1:16

Rat 1:4

Dog, Swine No Inhibition

Of all the contagious diseases serologically surveyed in the field,
we knn.v of no survey considering anthrax. This may be because of the few
zcientific workere inLerested in anthrax; it is also debatable that a
good serology system has been developed. Perhp--- 4 i: :-n.itly L. ;umed
that all anthrax infections are lethal. an assumption that does not seem
reasonable conafdierLng the uncertainty of biological responses and the
prevalence of marginally virulent field strains and of resistant species.
In addi ton, =re than one cell of B. anthracis is required to cause infec-
tion, and cases of recovery have been reported. In South Airica, Sterne1 0

reports that only 25% of anthrax deaths had been diagnosed and reported
as indicated by results of blood =ears taken of every ani±. that 'ed
ir the area surveyed. Dordevic,' reporting on anthrax in man add animals
in Yugoslavia, states that official data do not cover all the cases of
anthrax and that the number of cases is easily double Liat 'p'e It
in jalso recognized tiat for political and econamic reasons a country may
not report anthrax, although it may occur at a significant rate.
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TABLE 5. SPORES CMKNArNG INTRACELLULARLY, PHAGOcYTES
CONTAINING >20 ORGANISMS AND PHAGOCYTES DESTROYED

Germination O0 Minutes
Within Phagocyte, Phagocytes With Phagocytes

Spe ies % >20 Cells, ' Destroyed. %

riuLnea Pig 35 34 19

Guinea Pig 29 32
(Irmune PA5)

Rheaus Monkey 25 0 4

Chimpanzee 25 12 50

Man 6 84 65

Man (Imne PAS) 0 3 15

RaE, N I Black 24 8 0

]R", Fischer 344 17 28 70

Horse 41

Sheep 49

Goat 68

Dog 9

Swir.e 33 p
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A field survey would give much valuable information on incipient or
controlled infections versus the observed or diagnosed infections. By
obtaining both qualitative and quantitative information on antigens, such
a survey would characterize B. anthracis to a far greater degree than haa
yet bean done. Certainly, such characterization would establish (1) if
a strain specialization for bovines, goats, etc., does exist and (ii) the
prevalence of strains able to overcome the protective antigen type of I

iumnization. 
12

The translation of disease models from experimental hosts to man or
his domesticated animals might well be ccnsidered one of the most challen2-
ing and difficult problems for medical researchers. With a "lethal" disease,
such as anthrax, the problems are greatly increased over those of a non-
lethal one. Our commets have been made not specifically to urge or deny
the value of a field test or eurvey, but rather to note that a relationship
exists among experimental species that affects our view on the epidemiology
and treatment of anthrax. Where quentitativa ;ate are avalabli_ rher- fa

reasonable support of this hypothesis; however, too little is known about
man and the domesticated animals for the suggested model to be evaluated
broadly. Wc hoped to show the type of quantitative and qualitative data
needed to more completely evaluate field anthrax and thereby to accumulate
such information so that an evaluation could reasonably be made of how the
model discussed here applied to wild species endemically exposed to anthrax
or to man or his domesticated species.

'4
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quantitative information from field cases of anthrax is emphasized for its

uselulness as research information per se and to more completely understand
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