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VALUE OF FIELD DATA FOR EXTRAPOLATION IN ANTHRAX

ABSTRACT

Date are presented to support the hypothesis that anlmals
resistant to the zstatlishment of anthrax are susceptible to
itas toxin, the former shown by dose or organisms and the latter
by challenge with sterile toxin, and by the number of organisms
and units of toxin per ml in terminal blood. The variables
discnusged uare dose, doubling rate in the bloed, terminal number
of organismas per ml of blood, units of toxin per ml! of terwminal
bioed, inhibitiun of phagocytosis by toxin, spore germination
within the phagocyte, cquantitative phagocytorts in vitro, and
lysis of phagocytes in vitro. The need for quantitative infor-
mation from flield cases cof anthrax is emrhasized for 1ts useful-
ness as recearch information per se and to more completely
understand fleld anthrax. 1In addition, the informatior obtain-
able by a ricld serological survey and its use are discussed.

Cne of the unfortunate generalizations that we may make of the litera-
ture on enthrax is that ¢ {g largaelv descriptive and it almost completely
lacks quantitative information. Even in laboratory expe.iments, animals
are reported as unobserved for long perlods of timec, which muke question-
able any statements regarding the tiz. ur death or specific response at
death.

Experimental data leads to the hypothesis or model that species
naturally tall into two classes: (1) those resistant to establishment
o€ onchrax, but, once it 1s estsblished, susceptible to the toxin; and
(11} the converse situation, species cusceptible to the estabifshume.t
of the disease Lut resisiant to the tanin. The wminimum 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
chtained from 2 sercleogical sur
Since data ou tpe viouvd ievels of bacilli and toxin at deach are
available, the relationship between these (wo variablea can be presented
88 wel]l as the more extrapoiative aspecis cf this {nlfoirmation. Tanle 1
shows that (1) each species has a chiaracteristic race of septicemic
davelopment, (ii) death occurs whea Lhe number of bacliiii in the blood
reaches a predetermined number, and (iii) the units of toxin are directly
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related to number 9f organiame per ml of blood. The septicemic doubliing
rate does not change with changes in resistance attributed to ilmmmunity
{guinca prg and rat); hovever, the number of organisms and units of toxin
per ml of blcod at death iacrease. Further _nformation showing that the
terminai number of organ!sms in the blcod of guinea pig and rhesus monkey
1s directly related to the toxin level 1s given in Figures 1 snd 2, This
relationship can be influanced by time of death (Fig. 2) in that tlLe
ghorter the time to death, the higher the number of organisms anr units
of toxin per ml of blood at death, and, conversely, the louger the tiue
to death, the lower the number of organisms and units of toxiu per ml of
blood.* The dose-response relationship of the rat to sterile toxin

(Fig. 3) also supports this generalization,

TABLE 1. QUANT[TATIVE DYNAMICS OF THE SEFTICEMIC FHASE OF ANTHRAX

Terminal Blood

Doubling Time Organisme per ml Units of
Speclee Min. Conf. Interval No. Cornf. Interval Toxin/ml
Mouse 45 37 - 59 1x 107°° 1P*® to 107" -
Guires Pig 53 41 - 73 1x 1083 10F°° o 10°-8 §0
Guinea Pig 53 - 5x 107 - 55
(lummine PAS)
Guinea Pig 53 - 1x 10P*? - 25
{Izmsmine PAS -+ LV)
Rhesus Mornkey 48 26 ~ 300 1 x 10°°% 10F*% to 1077 35
Chimpanzee 155 - 1 x 10°°F - 110
Bat, N1H Black 120 102 - 139 1x 10F*® 10°°® to 10°-° -
Rat, Fischer 344 120 - 1 x 1078 10°°¢ to 10*° 15
Rat, F344 - - - - 13
{lmmune PAS)
Rat, F344 - - - - 9

(Immune PAS + LV)




reeon I I,
wr

|
t !|' . i
"ec} !
i g i
. . i
: . 1
!i' 1
. ¢« s ;
H
' 'T . ) e I 1
Pt % W
venst OF VONW y \
o 1
-.'-L.'..._;:': a4 . ‘
!5', '
"9 . ‘
)
i
b o 1
s | .
i e
E‘-’,:_..L....A —_— sV T -+ ‘
RN o 8 X
Ty or TORe J

Figuzre 1. Interaciion Among Terminal Variables in the immunized
Cuinea Pig snd Rat. Each data point repreaerts one
{wmunization orotocoul and is the mean of 9 or 10 animals
distributed among two populationa.
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Certain generalizations may be made from these data. We know that once
a septicemia 18 observed progression of the disease is rapid and predicrable,
Figure 4 is mcdified after Keppie, Samith and Harris-smth,2 and we have
published similar data on several species. With the guinea pig, once the
septicemia is detectable by observaricn of crganiems on & blood smeer,
there is an average of 12 hours until death and 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 cf
toxin fixed. Kepple et al.? showed that after a critical level of about
1 x 10°P to 3 x 1P organisms per ml was reached, treatment with streptomvcin
(wvhich reduced the level of organisms in the blood to essentially the zero
level) merely exiended the time to death. Both rate® and monkeys‘ challenged
with sterile toxin survived if autiserum was administerved during the first
third or rthe period beiween challenge and death (established by untreated
control animals). If entigerum was given after this periced, death stfill
occurred; however, the time to death was extended. It is appropriace to
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TABLE 2. RELATIONSHIF BETWEEN SUSCEPTIRILITY TO TOXIN CHALLENGE

AND RESISTANCE TO ESTABLISoM=NI OF ANTHRAX
Time o Relative Registance
Units of Toxin/Kg Death, to Parenteral Chﬁllenge

Gpecler Causing Deach tours of Sporesd
Mouse 1000 24 very susc.
Guinea Pig 1125 24 susc,
Kabbit 2500 72 susc.
Rhesue Monkey 25090 28 susc,
Chimpanzee 4000 60 8usc,
Rat, NiH Black 2806 20 resiatant
Rat, Fischer 344 15 2 resistant
Beazle 60 20 very resistant

Iy Speclfic Iinformation given in Tables 3 and 6.

Tf one accepts the above bssis for generalizatioi, then the dose to
cgtabiish anthrax infection 1s inverscly related to the rumber of organisms
per ml of blood at death. The data in Table 3 show that species that require
& large dcse to establish the disease have a lovw number of organisms ir the
blood at death, and vice versa. Although we helieve that the units of taxin
are of acre significance than the number of bacilii, theae data are slili
more dlfficult to collect. Nevertheless, we have shown & strong positive
cozrelation between théss veilables. Dy Obtaiulny yuaniliative information
cn the nunber of bacilli per wl of blood at death of any speciess of interest,
& calculated prediction can be made as to the probable dose required to
infect tnat host. Criticism could arise from the fact that we do not kaow
the route of infection in field cases; hovever, it {3 our experier :e with
numeroud laboratory species that the route of infection does not : : any way
affect the terminal level c¢f crgeniems. In any case, we suggcset that a
calculated realistic doge {8 better than cortinued ignorenzz; therefu.e,
until data becowe availlable this reletionship 15 a reasonable working model.
It 18, woreover, a working model readily susceptible to critical experimental
examinaticn,

e o T S
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TABLE 3. INVERSE RELATIONSHIP BETWEEN DOSE TC KESTABLISE ANTHRAX

AND NUMBER OF ORGANISMS PER ML OF BLOOD AT DEATH

Dose to Quantitation of Blood
Establisgh at_ Death
Parenteral Baci{lli Toxin,
Relative Anthrax, per ml units

Species Resistance Bpores per ml
Mouse Very susc. 5 10%° -
Gulnea pig Susceptible 50 102 50
Rabhit Susceptible 5000 1P ° -
Rhesus Monkey Susceptible 3000 10°¢8 35
Chimpanzee Susceptibtle - 10°-° 110
Rat Reaistant 1x10° 10*~® 15
Dog Very resistant ca. 50x1C* -

Certainly the proposal presented above 1s not the only apyproact to this
problem. The idezl model would not result in the deeth of the Lost and,

since blond can be readily cbtained, it would be a very desirable syster
on which to construct an extrapolative model.

The only known other attempt
to ascexble

facts on anthrax eu that scme extrapolative evaluation may be
made is the preliminary work by Roserwsald ct al.* on changes in phsgecytic

and anthracidal activity of blood cellular coumponents ae influeaced by
enthrex toxin concentration. They =zstompted

zmpted o extend the chzervations
of ¥ashiba ei al.” on the highest diluiion of terminal puinea pig serum
that gave positive {nhibition of phagocytes from different specles

(Table 4). Those species having leukocytes most sensitive to toxin are
several known to be :usceptible to establishment of anthrax, the guinea
plg, rabbit, mcuse and sheep, with those unknown, man, cow and horse,
included in this group; leukocytes of the mure .2ss8tant spccies are very
resistani to inhibition by toxin. Because Roseawald et al.* could npot
dupificate the Japsuese obgervations, they went on tc survey other inter-
actions between the phagocyte dad spore. Tsble 5 presents two responses
that were studied. The differences among species are interesting, but
unril combined with otiaer date {Table 6) they have little consistency.
Wnen combined with the other quantitacive information available or anthrax,
there is definitely a difference between the gpecles listed as susceptible
or resigtant. Tn fthe eng~ectible group, 48 regards dose requirad to
eatabiish anthrax, the terminal number of orgunisms is higher, inhibltiun
of phagocytes by toxiau 18 greater, a higher unit of toxin i3 required to
kill by intravenous injection, and {intrvacellular germination of spores

* Ropeunwald, A.J.; Jones, W.I., Jr.; Lincoln, R.E. Unpublished data.
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in phagocvtes is consistenily diffarant from that in the resistant grcup.
This {8 not 8 coincidence but an indicstion of general interrelaticnship

of host-parasiie interaction. The whole problem of extrapolation of disease
respons2 from experimental animalc to man is 80 complex and difficult that
we think it inappropriste to do more than suggert that the apparent rela-
tionship is real and that more work needs to be done to explore this wmodel.

TABLE 4. SUSCEPTIBILITY OF LFUKOCYTES

OF SEVERAL SPECTES
TC ANTHRAX ACGRESSION

Maximum Final
Dilution of Positive

Species Inhibition
Guinea P1g, Cow, Man, 1:32
Rabbit, Sheep, Horse

Mouse 1:16
Rat ik

Dcog, Swine No Inhibiticn

Cf all the contagious disesses serologically surveyed in the field,
we knw of no gurvey considering anthrax. 7This may be because cf the few
gcientific workere interested in anthrax; it is also debatable that a
good eerology system has been developed. Perhsene ¢+ 2 ta-itly lLioumed
that all anthrax infections are lethal. an assumotion that does not seem
reasonabla congfdering the uncertainty of biclogical responses and the
prevalence of marginsally virulent field strains and of resistant species,
In addition, wore than one cell of B. anthracis ie required tc cause infec-
ticn, &nd cases of recovery have been reported. In South Africa, Sterne'®
reports that only 25% of anthrax deaths had been dlagnosed aund raported

as indizated by results of blood exmears taken of avery animel that died
in the area surveyed. Dordevic,”* reporting on anthrax in man and animals
in Yugoslavia, states that cfficlal data do not cover all the cases of

wred . It

P,

i3 2130 recognized that for political and econowmic raasons & country may

not report anthrax, although it may occur at a slgnificant rate.
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TABLE 3. OSPORES GERMINATING INTRACELLULARLY, PHAGOCYTES
CONTAINING >20 ORGANISMS AND PHAGOCYTES DESTRUYED

Germination 00 Minutes
Withiu Phagocyte, Phagocytesa With Phagocytes ,
Species % >20 Cells, % Destroyed, % )
h e = - \
Guinea Pig 35 34 19
Guinea Pig - - 29 , 32
{Imoune PAS) o .
Rliesaus Monkey | 25 0 G
Chimparnzee 25 12 59
Man 6 84 65
Man (Imnmne PAS) 0 3 15
Rat, NiB Black 24 8 ]
Rai, Fischer 344 17 28 70
Cow T 10 - -
Horse 41 - -
) Sheep ; 49 - -
Goat 68 - : -
Dog 9 - -
”~

Swire 33 - -
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A field survey would give much valuable information on inciplent or
controlled {nfections versus the observed or diagrosed infections., By
obtaining borh qualitative and quancitative {nformatior on antigens, such
a survey would characterize B. anthracis to a far greater degree than haa
yet bean done. Certainly, such characterization would esteblish (i) {f
& straln specialization for bovines, geats, etc., does exist and (ii) the
prevalence of strains able to overcome the protective antigen type of
imounization.’?

The translation of disease models from experimental hosts to man cr
his domesticated snimals might well be ccnaidered one of the most challenn-

ing end difficult problems for medical researchers. With a "lethal" disease,

such as anthrax, the problems are greatly increased over those of a non-
lethal ome, OQur compeats have been made not spacifically to urge or deny
the value of a field test or survey, but rather to note that a relaticnship
exists among experimental specfes that affects our view on the epldemiology
and treatwent of anthrax., Whare juentitativsc date are available trhare fa
Teascnable gupport of this hypothesis; however, too little is known about
man and the domesticated animals for the suggested model to be evaluated
broadly. We hoped to show the tvpe of quantitative and qualitative data
needed to more completely evaluate field anthrax and thereby to accumulate
such information so that an evaluation could reasonebly be made of how the
model discussed here applied to wild species endemically exposed to &anthrax
or to msn or his domesticated specles.

[
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