
then started and continued for  about 1 2  days. The 
stools were collected in periods of 3 days and lumped 
together fo r  extraction of the iron and measurement 
of the activity. Finally, after the last 3-day period, 
the patient was deworlned and quantitative worm 
counts made on the stools fo r  the next 5 days. Where 
possible, ova concentration methods were employed 
after the fifth day to check the efficiency of de-
worming. 

The radioactivity of the blood was determined with 
a n  end-window Geiger counter af ter  the sample had 
been ashed and electroplated on to copper disks, fol- 
lowing essentially the method described by Vosburgh, 
Flexner, and Cowie ( 6 ) .  The stools were dried with 
concentrated HNO, on a water bath, ashed, extracted 
with HC1, and the activity of the liquid measured with 
a Veal1 type (7') liquid counter. A reference solution 
of Fern was also made from each hatch used for  jntra- 
venous injection. Then if 

Cs=counts/min in the liquid counter of the stool as11 
cxtract, 

Cb = arerage counts/min ml blood over the period dur- 
ing which the stools were collected, 

Se =counts/min ml of the refereoee solutio~~ electro-
plated, 

Sf =counts/min in the liquid counter of some of the 
same reference solution, 

J's= volume of stool ash extr:ict in ml, 

the blood loss is given by 
(CsxSexVs) j (CbxQf) .  

Our results, as sumn~arized in Table 1,appear to 
support Wells' conception of a considerable variation 
in the blood loss per worm. The daily loss of 10-20 ml 
(i.e., 5-10 nlg iron) would seem to account f o r  the 
heinoglobin values obtained. They are definitely low 
for  Angola Africans, who have a high iron intake (8). 
The observed hookworni loads combined with a nor- 
nlal iron intake should, therefore, produce a marked 
anemia. 

W e  feel fo r  the present unable to explain the high 
blood loss of patient A, harboring such a srnall worm 
load, unless there are  one or two profu5ely bleeding 

TABLE1. Hemoglobin values; blood loss during sub- 
sequent 3-(lag periods : average blood loss per (lag; num-
ber of worms recovered from the stools after deworming; 
and blood loss per worm per day for the 3 patients es-
nmined, :nid one control. 

Blood loss (ml) ,--.'=-.-	 ../ 

10.7 33.5 26.8 25.1 28.7 9.3 368 0.026 
d 13.1 48.6 30.8 47.9 - 14.1 63 .22 
C 13.1 71.2 60.0 42.8 51.6 18.8 384 .053 

Control - 2.3 2.3 2.0 - 0.7 - -

March 26, 1954 

injuries left by the worins. To what degree blood loss 
is due to  these bleeding injuries, or to  the consumpti011 
of blood by the worln, remains to be determined in 
future experiments. 

On the basis of our results, i t  is not necessary to 
argue that the anemia is caused by the effect of toxins 
(9). However, our results have been obtained on pa- 
tients with light loads in the age group from 18 to 30 
yr, and various factors such as adaptation and im- 
munity might counteract the full  effect of hookworm 
toxins and so affect our conclusions. There is, there- 
fore, a need for  further studies on younger patients 
and those with heavier hookworm loads. 
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Studies on the natul-e of 2'rrstrt1rella pestis infcc-
tion have suggested that a t  least two factors contribute 
to the virulence of this bacterium: (a)  the envelope 
substance (Fraction I) produced by this organisill 
(1-3), which has been shown to protect it from phago- 
cytosis (4) and probably blockq the action of anti-
bodies on the cell ($), by virtue of the freely soluble 
nature of this substance (3) ; and ( b )  toxin produc- 
tion (1,  2, 5, 6) ,  which no doubt is responsible f o r  
death from this disease (4 ) .  Since avirulent 1'. p c s t i s  
have been found which producr. both envelope and 
toxin, the possibility was suggested that virulence in 
this organism may be based upon the quantity of these 
substances produced. I n  order to  investigate this pos- 
sibility, a comparison of several virulent and avirulent 
strains was undertaken. 

I n  initial experiments, various virulent and auiru- 
lent strains were tested for  their ability to produce 
toxin and envelope in a casein hydrolysate mineral 
glucose medium a t  37' C ( 3 ) .  X few virulent and 
avirulent strains, however, did not grow in this mediuln 
a t  this temperature. I n  the case of those strains that 
did grow, cell yields were so diverse that accurate esti- 
mates of toxin and envelope production were iulpos- 

Sponsored by the Co~nmission on Immunization o f  the 
Arnied Forces Epidemiological Hoard and supported ( in  purl ) 
by the Office of the Snrgeon (;eneral, Department of tllr 
Army, and the I*niversity of C;llifornia. 



TABLE1. Colnparisoil of tlie quantity of toxin all11 
envelope antigen (Fraction I) produced by several riru- 
lent and avirulent strains of P. pestis. 

A .  L ' ,,. dry mt.) 

T'irnlent 
13741 
195/P 
New Mexico 
t reka 
Sllasta 
Alexander 

Brirulent 
B1466#4 
A1122 
BSSS#S 
R2764#6 
E.V.76 

F7793#10 

14  

TRU 

Harbiri 


sible. To avoid these difficulties, the various strains 
were subsequently cultured on hormone agar  (7') , 
which produced excellent growth of all strains tested. 

The following procedure was employed. Strains 
were cultured on hormone agar fo r  72 hr  a t  37' C. 
The cells were washed off with saline and precipitated 
mith '2 vol of acetone a t  - 70' C. The cells were then 
collected by centrifugation and dried by several wash- 
ings with acetone. The residual acetone was removed 
by placing the cells in a desiccator over concentrated 
II,SO, and eracuating. JVeighed samples of the vari- 
ous dried powders were extracted with saline, the cells 
were spun do\vii, and precipitin tests using anti-
Fraction I serum and intravenous mouse toxicity tests 
mere per for~r~ed  oil the supernatant fluid ( 3 ) .  

The virulence of the strains employed was tested by 
subcutaneous injection in mice. All strains that killed 
50 percent of the mice mith less than 300 organisms 
were terrned virulent, ~vllereas those that failed to kill 
when I x lOQi-ganisms were administered were con-
sidered avirulent. 

The follow~ng virulent strains were tested: Yreka, 
B741, Alexander, Shasta, and New Nexico, all of 
which were iiolated from cases of plague on the West 
Coast, and strain 195/P, which was obtained from the 
Haffkine Institute, Bombay. Avirulent strains em-
ployed were A1122, E.V.76, B2764#6, B1456#4, 
B868e8, E'7793#10, 14, TRU, and Harbin. 

The results (Table 1 )  demonstrate a positive cor-
relation betTeen virulence and quantity of envelope 
produc~ed, thus suggesting that envelope production 
must reach a given level before it  is effective in com- 
bating the host defenses. Although the virulent strains 
do produce more toxin on the average, it  is clear that 
high toxicity alone is not sufficient to render an organ- 
is111 virulent. This is shown quite clearly by avirulent 
strains E.T.76 and 14, both of Thich produce more 

toxin than three of the virulent strains. It is interest- 
ing to note that, although E.V.76 is able to multiply iim 
mice when inoculated intravenously, producing necro- 
sis in the liver and spleen before being eliminated and 
causing death as a result of an active plague infection 
when administered in large doses of about I x 1 0 h r -
ganisms, strain 1 4  shows no multiplication and pro- 
duces no pathological signs (8). The difference in 
behavior of these two organisms in viva may very well 
be explained by the lower envelope production on the 
part of strain 14. Similarly, the relative avirulence of 
E.V.76 may be interpreted on the basis of its conl- 
paratively lower envelope production as compared 
with that of virulent strains. The fact that A1122 pro- 
duces more envelope substance than E.T.76, yet fails 
to produce pathological signs in mice (8),may be 
attributed to the relative atoxicity of the former. 

The similarity between the avirulent B1456#4 and 
the virulent Alexander strains with respect to quantity 
of toxin and envelope substance produced would seem 
to indicate that, although high levels of envelope and 
toxin production appear to be essential for  virulence, 
these are not the only factors involved. Since virulence 
is a measure of the ability of a bacterium to grow and 
cause disease in a, particular host, all aspects of energy 
metabolism and assimilatioa, fo r  example, which may 
conceivably have no direct bearing on toxin and en- 
velope production pes se, mag be involved here. The 
apparent correlation between virulence in P. pestis 
and catalase production ( 9 ) should he noted. 

Experiments to be reported in detail elsewhere have 
demonstrated that the purified envelope substance and 
lyophilized lysates of avirulent strains ( 3 )  were as  
edective in immunizing mice as  the corresponding 
antigens isolated from virulent strains. ( I n  the pneu- 
mococcus, avirulent strains have been isolated which 
produce small amounts of capsular material and yet 
are able to immunize against virulent strains [lo,111) . 
Furthermore, recent studies indicate that P. pestis 
toxin produced from E.V.76 ( 5 )  is similar in physio- 
logical effect to that produced from virulent strains 
(12) .  These results eliminate the possibility of a 
"mouse virulence antigen''-that is, one present solely 
in virulent P. pastis-and thus add further weight to  
the observed quantitative relationship between en-
velope and toxin production and virulence. 
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