
the first injection and thereafter at increasing intervals of 2 days to 
3 weeks until 2 months after the last injection. 

There was 
no appreciable change in the pspchiatric or neurological picture, nor 
in the pulse rate, temperature, respiration. blood pressure, basal 
metabolic rate, blood cholesterol, sugar tolerance curve and kidney 
function. There was a marked cellular reaction in the cerebrospinal 
fluid. This was highest 8 hours after the injection (380 cells after 
2 cc in case 1 : 370 cells after 10 cc in case 3 ) .  This reaction changed 
within 2 days froiii a polyiiclrar one to a lymphocytic one. The 
cellular reaction was much stronger than coulcl be expected from re- 
peated luiiibar puncture and it could be observed as long as 2 months 
after the last injection (7 cells per cnini). It was also more marked 
and prolonged than night be expected from equal amounts of normal 
saline. There was also, during the first 2 days, an increase in total 
protein ( from 0.01 5 to 0.040 g ). 

The long-staiiding cellular reaction is noteworthy because Ilerr- 
niann2 has slio\vn that heavy \vat er disappears from the cerebrospinal 
fluid spaces within 30 iiiinutes, whereas meningeal reactions of this 
duration are commonly associated with the presence of slowly re- 
absorbed material iii the cerebrospiiial fluid spaces (Finlay son and 
Penfield3 ) . 

The results can be briefly sumniarizecl as follows : 

13407 
Precipitative Tests in -Malaria.* 

-\sx-% DLIX DL-LIXEY Aisi) Vim1sI.i HOCSE. (Introduced by 
L. A. Crandall.) 

Prona the Departments of Bacteriology and Preventive Mediche, University of 
Teniiesscr College of Medicine, Memphis, Tmmssee .  

IVe h a w  obtained precipitative reactions in human nialaria with 
1'. kizozcdcsi antigens through usc of the collodion-agglutination 
method of Cannon and Marshall,'. and the collodion fixation pro- 
cedure of Go~cliiei-.~ 

f! Hcrrinann, J 13.) J. P h a m .  a11d E x p .  Tlier., 1939, 67, 2665. 
3 Fiiil:~pon, -4. I., :tnd Penfield, TT'., Arch .  Kezir. Ps?jrh., 1941, 46, 250. 
* This work tvns made possible through n cooperntire program financed by the 

1 Caiinoii, P. R.: and Marshall, C. E., J .  Im?)tuiioZ., 1940, 38, 365. 
2 Ibid., 1941, 40, 127. 
3 Goodner, Kenneth, Science, 1941, 94, 241. 

Tennessee Valley Authority and the Uiiimrsitp of Tennessee. 
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Cannon and Marshall’. adsorbed purified antigens on collodion 
particles. The sensitized particles were then combined with serial 
dilutions of antisera and the precipitative titers thus determined. 
By this method precipitins have been demonstrated in Sera from 
patients sensitive to egg protein, tuberculin and crystalline insulin. 
In studies of the mechanism of the Arthus phenomenon precipitative 
titers were found to parallel skin reactivity. Weir4 has also used 
this collodion agglutination procedure to show antibody formation 
in animals to tubercle bacilli and tuberculin. 

Goodner2 adds collodion particles at the time of combining antigen 
and antibody. The adsorption of the collodion pellets by the antigen- 
antibody complex produces particulate agglutination which may be 
macroscopically estimated. Antiviral and antimalaria antibodies 
have been demonstrated by this method. 

Our previous attempts to demonstrate a precipitative reaction by 
overlaying sera from malarious patients with antigens prepared from 
parasitized bloods of human individuals and monkeys were unsuc- 
cessful. For these tests we used saline and watery extracts of malaria 
parasites and blood clots, as well as papain digests and sodium hy- 
droxide extracts of parasites. We could not sliow significant dif- 
ferences between malarious and non-malarious sera. 

A saline extract of P. hzoxdesi parasites obtained from heavily 
infected monkeys has proved a very satisfactory antigen for use 
in complement fixation tests in human malaria. Eighty-two percent 
of 125 patients with malaria parasites in the peripheral blood gave 
positive reactions although approximately one-third of this group 
had received some anti-malaria drug. This antigen a,s well as the 
alkaline extract of parasites described below has proved successful 
in the two procedures employing collodion particles. 

In the collodion 
agglutination tests we followed exactly the technic of Cannon and 
Marshallt in all essential details. The antigen used for the tests 
reported in Table I was prepared by extracting; 0.1 g of dried P. 
knowlesi parasites with 10 cc of N/20-N/10 NalOH for an hour. 
After neutralization it was centrifuged at high speed and the super- 
natant used to coat the collodion particles. I t  is recognized that this 
is a crude preparation but attempts to purify it by dialysis, or treat- 
ment with precipitating reagents have been unsuccessful. Difficulties 
with adsorption of antigen by particles which we encountered at 

4’CVeir, J .  M., PRO~. S O ~ .  EXP. BIOL. AND MED., 1941, 486, 47. 
t Dr. Cannon kindly supplied us with crystalline egg albumen and antiserum 

The Use of Cannon and Marshcrll’s Technic. 

-- 

for our initial work. 



tiiiies are attributed tc.) the uii1)redictal)le variation o f  cliff ereiit lots 
of alltlgell. 

A coiitrol 
series eiiiployiiig the saiiie scruiii dilutioiis ant1 uiicoated collodion 
particles was ruii siiii~iItaiieoiis1y ~vheiicver the quantity of serum 
pcrinittecl. Table 1 preseiits the rcS;uits of precipitative tests for 
nialaria 011 97 patients. 

111 all cases tlic agglutinated particles formed sniall cluniys but the 
tests were easily read. IVe used artificial light for readings. 

*-Is slio\vii in T a l k  1. -39 ( 8 i . 8 p  o f  the 33 patients with nialaria 
parasites ill the peripheral Mood gave a titer of 1 :8, while 26 
(78 .7%)  gave a titer of 1 :1G. Six (11.7$& ,j of the 51 patients o i  
gi-oiips I I aiicl 1V who were regarded as lion-iiialarious. gave a titer 
of 1 :8:  2 (0.3976) a titer o f  1 :16. These data h a w  been analyzed 
statistically aiid the cl i f f  ereiices 1)etn-ecii the tn-o groups are signifi- 
cant. 

Goocliier’s preliminary report 

7 .  1 lie sera were usctl in dilutions heginning with 1 :4. 

Titc LTsz of G o o ~ I I c ~ I ’ ’ . ~  Tcchiiic. 
TXELE 1 .  

Hcsults of Precipitative Tcsts for 3 l i t l ~ i a  on 97 Patients. 

KO. of sera giving titer indicated 
II 

-- > 
(‘Iiikal so. of Belo\\. 

group patients 1:8 1:s 1:lfi l : S ?  1:64 1:128 1:256 1:512 

I11 
Malaria not excluded 

by clinical diagnosis 
but iicgatiw blood 
fillll 

1V 
Xoii-iii:il:irial fcbrilc 

group. Elood films 
not availablc 

V 
Fcbrilc wnditioiis of 

ui~dctcrniinc~l origin. 
Blood filiiis not 
: iw i la l~ lo  

1 

i” t t ”  
3 3 1  

** 
3 

t I’ositiyc c.oinl)lcinent fixation for  li1alariil. 
Cliiiicallg ~ i ~ l i l r i a .  Responded to trca tment. 
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includes a table showing results of collodion fixation in virus-anti- 
virus systems. He combines 0.5 cc of diluted antigen, 0.1 cc of 
collodion particles, 0.1 cc of patient’s serum and 0..3 cc saline. We 
have found that those quantities of reagents may be used in the 
precipitative test for malaria. The saline extract of P. knowhi 
parasites has proved our most satisfactory antigen. This is prepared 
by grinding 0.1 g of dried parasites in saline followed by freezing 
and thawing for 4-6 times with dry ice and alcohol. ,4fter standing 
over night in the icebox the preparation is centrifuged at high speed 
and the supernatant used as antigen. It is not so highly colored as 
the alkaline extract. 

We have carried out titrations of antigen and antibody in an at- 
tempt to determine the optimal ratio. Serum undiluted and diluted 
1 :4 in combination with antiqen diluted 1 : 10 to 1 :40 have given US 

satisfactory readings after an incubation period of clne hour at room 
temperature and over night in the icebox. The collodion particles 
are added at the time of combining antigen and antibody. We have 
confirmed Goodner’s finding that the collodion particles must be 
added at the time of combining these reagents. Negative results 
are obtained if the particles are added one hour later. 

A control series with antigen omitted is always included. All tubes 
are centrifuged at 500 rpni for 5 minutes just before making the 
readings. Positive tests are clear-cut and are recorded at 4+ to 
negative. 

Nineteen 
patients had malaria with positive blood films. Seventeen of these 
sera gave positive reactions. The 2 patients who gave negative reac- 
tions had received multiple doses of quinine. Eleven individuals 
gave negative blood films and malaria was not a clinical diagnosis. 
These individuals gave negative reactions. 

Precipitative reactions in human. malaria may be 
demonstrated (1) by the use o f  P. k.ttowZlesi antigen-coated collodion 
particles, or (2) by addition of collodion particles at the time of 
combining antigen and anti body. Macroscopic agglutination is 
obtained by both methods. 

At the present date we have records on 30 patients. 

Summary. 


