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is a constant feature of the disease. Furthermore, since porphyrin- 
uria may indicate simply an hepatic insufficiency similar to that 
causing urobilinuria, the factor of liver dysfunction in pellagra 
warrants further study, 

1. Quantitative determinations of the excretion of 
porphyrin in a case of alcoholic pellagra are presented. 2. Both 
quantitatively and qualitatively abnormal excretion of porphyrin 
featured relapse and disappeared during the induced remission. 

Suwztiznry. 
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Natural .Meningococcal Agglutinins and Lysins in Human Serum. 

The study of the susceptibility-prol~leni in cerebrospinal fever, a 
disease characterized by a highly selective incidence, has divided 
itself naturally into an analysis of the r6le played by the causative 
agent and the factors concerned with host-resistance. Investigations 
dealing with the organisms have centered chiefly around the carrier- 
condition as a source of infection and the significance of the sero- 
logical types of meningococci ; those dealing with the host have been 
mostly concerned ivith attempts to evaluate the humoral defences o f  
the body against meningitic infection, it being unknown what causes 
the selective localization of the invading organisms in the meninges. 

Together n.ith phagocytosis, the bacteriolysin and agglutinin of 
human blood are regarded by some authors as  the primary agents 
concerned with the reinoval of the meningococcus from the circula- 
tion following its initial invasion.', ' I t  is generally accepted that 
not only the normal seruni of iiiaii but also that of a number of ani- 
mals (guinea pig, rabbit and monkey) are strongly meningococci- 
dal i$z vho.',  The normal bacteriolysin resembles other natural 
antibodies in that its titer is said to increase with age in man and 
animals. regardless of previously known exposure to the meningo- 
coccus : Sil\-erthoriie aiitl I;raser,i however, stress the strong metiin- 

I Yui  l ay .  14:. L;. D., 3 I c d i ~  '11 l h .  ('i)uiic'il, spcc. 1Zcp't Seiier No. 124, 1929. 
2 IIeist, H., Solis-Colieii, S., Solis-Cohen, N., J .  Immunol., 1922, 7, 1. 

4 Yatsuaami, T., and Kolniei, J.. J .  Inwwnol., 1918, 3, 177. 
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-_ - 

:< E ' ~ ~ w ~ ~ I ,  s., .r. ET,U 



NATUR.4L J IENI iXGOCOCCAL A p l ~ ~ ~ ~ ~ ~ K I K S  AiYD LYSIKS 753 

gococcitlal poner  of the blood of carriers as indicating its specific 
character. The  same uncertainty prevails regarding the nature of  
the natural aumlutinin which has variously been reported as being 
present or  absent in the blood of  normal persons, carriers, o r  con- 
va1escents62 ', ' 

In  view of the discrepancies cited above a study of normal human 
sera was mdertaken in order t o  investigate not only the frequency 
of the occurrence of  both lysin and agglutinin, but also to  deter- 
mine the relationship between the two antibodies and their speci- 
ficity. 

ilfetlzods. Three strains o f  ineningococcus were used in this work : 
2 of these represented stock strains of groups 1-111 and II-IV re- 
spectively, the third strain was freshly isolated from the naso- 
pharynx o i  a healthy carrier and belonged to group II-IV. The 
human sera were used either unheated or  heated to 60°C for  

hour. The donors of these sera ranged in age from 14-72 years 
and gave no history of either a previous attack of meningitis or  
of unusual conditions of the upper respiratory tract. The  agglutin- 
ation-tests were set up with a variety of antigens, including sus- 
pensions of live cocci and of organisms killed by either formalin or  
phenol. The  results were recorded after incubation at 37" for  2 
hours and again after leaving the tubes in the icebox overnight. The 
lysin was determined by mixing 0.02 cc of undiluted serum plus 0.2 
unit of guinea-pig alexin with 0.02 cc of dilutions of 1 :1000, 
1 :10,000, and 1 :100,000 of a freshly prepared heavy suspension 
of live cocci. After incubation for 24 hours, smears were made and 
examined microscopically for  the presence of intact meningococci. 
This procedure gave results identical with the plating out of the 
serum-meningococcus mixtures and counting of developing colonies. 

141 adult human sera and 26 
sera f rom infants or  children (ages 1 month to  9 years) were tested 
for  agglutinins against the 3 strains of meningococcus representing 
the 2 broad serological groups. The  results are  given in Table I. I t  
is apparent that about one-half of the adult sera agglutinated group 
1-111 meningococcus whereas almost two-thirds of these sera con- 
tained agglutinins against group III-IV ormanisms. Further analysis 
of the individual reaction of each serum yielded the following data : 
48 sera (33%)  lacked agglutinins for both strains while 49 sera 

"b, 

Results o f  the Aggld iza t ive  tests. 
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(35 % ) agglutinated both strains ; 11 sera (7.8% ) agglutinated I- 
I11 strains only and 33 sera (23%)  agglutinated II-IV strains only. 
It is also clear that  organisms belonging to  group II-IV were agglu- 
tinated, almost uniformly, to higher titers. In  contrast to  these re- 
sults, only 3.8 and 19.2% of  the sera from infants and children 
showed agglutinins of  a low titer against groups 1-111 and II-IV 
meningococci, respectively. The agglutinin is evidently heat-stabile 
since heating for $4 hour at  60°C did not appreciably change the 
titer of the serum. 

Resul t s  of the Bacteriolytic Tes ts .  88 normal adult sera and 34 
sera from infants and children (ages ranging from 12 days to 4 
years) were tested for  lytic activity against the 2 serological groups 
of meningococci. As may be seen from Table I, fully 92% of the 
adult sera showed some bacteriolytic effect against either group of  
meningococci, no sera bcina Iytic for one strain and not for  the ? other. Moreover, the end-titers were approximately the same for  
both groups of organisms. On the other hand, 82% of the infants’ 
and children’s sera were devoid of meningococcidal power under the 
conditions of our test. The bacteriolytic complex requires “comple- 
mentation” as shown by the absence of lysis when heated sera were 
brought together with cocci without the addition of  alexin. 

Relatioiislzip Bctweetz Agglu t in in  a i d  Lysin. r2s regards the co- 
existence of the natural agglutinin and lysin in the same serum, our 
data indicate that 19 of 95 lytic sera-ZO% of all sera examined for 
the simultaneous presence of the 2 antibodies-failed to agglutinate 
either serological group of cocci. However, in no case was the 
reverse encountered, i. e. ,  absence of lysin in an  agglutinating serum. 
Again, i f  one compares the a d u t i n a t i v e  titer with the lytic strength 
against any one group of meningococci, no quantitative relationship 
becomes evident as  indicated by the fact that a given serum may 
agglutinate only feebly but be markedly Iytic, and vice versa.  

Experiments 
to determine the degree of immunological specificity of the 2 anti- 
bodies were carried out by absorbing pooled normal adult serum 
with homologous and heterologous organisms and testing the sera 
af ter  absorption for  agglutination and lysis of the various members 
of  the genus LLreissevin. The results indicated that the natural men- 
ingococcal agglutinin possesses well marked type- and species-speci- 
ficity, only absorption with the homologous type meningococci 
causing complete removal of  the respective agglutinins. The same 
experiment, however, demonstrated a complete lack of immunolog- 
ical specificity for  the natural meningococcal lysin, as evidenced by 
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Specificit>! of the hTaturnl Agglutiiziii a id  Lysita. 
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the fact that this substance may lie removed not only by absorption 
mith the heterologous type meningococci hut by contact with B. ~01i 
as well. In  a similar absorptive test in which specific rabbit-anti- 
rneningococcal seruni as sul),itituteci for normal human serum, 
both t h e  inimune agglutinin and lysin exhibited a high deg-ree of 
imniunological specificity, contact jvith B. coli causing no change in 
the agglutinative titer and only a minor diminution of the lytic 
activity. 

.4~ziiiznl Sera. ;i small nuiiilier of normal sera from various 
animals, including the monkey, rabbit, guinea pig and rat were 
examined for  their content of iiatural meningococcus agglutinins and 
lysins. Suffice it to state that a11 sera te.ted showed marked nienin- 
gococcidal power 11 ith no or  negligilile agglutinin titers. 

0 ur data pe mi i t ce r t a in deductions reg a r d i ng the 
nature and origin o f  the iiatiil-al mcningococcal agglutiiiin and lysin. 
I t  is clear that Imth antihotlie.: iiicl-ease in intensity and extensity 
n ith age antl since conditions are generally favorable for the suc- 
cessive allsorption from the nasopharynx of antigenic material k- 
longing to the genus LYcis.~rrit7 one might be led to believe that both 
are due to “occult” immunization. However, as will appear below, 
it is more than likely that we are dealing ivith two separate entities. 

The natural meningococcal aodutinin,  according to our data, 
hb. possesses a well marked immunological specificity. This is suggested 

not only by the occurrence of type-specific agglutinins in a certain 
percentage of normal human sera but more particularly I J ~  the fact 
that such agglutinins can be exhausted only hy absorption with the 
specific antigens. In  this re>pect the natural agglutinin resembles 
the inimune agglutinin. Our observation that natural agglutinins 
occurred more often against group 11-IV than against group 1-111 
strains of meningococci is further suggestive evidence in favor of 
assuniing their specific origin inasmuch as Branham9 had found a 
preponderance of 11-IV strains among cultures obtained from car- 
riers whereas a majority of cultures isolated irom cases of menin- 
gitis belonged to group 1-111. In  contrast to what has been said 
about the natural agglutinin, our data show that the power of nor- 
mal human serum to lyse the meningococcus is invariably directed 
against both serological groups, antl absorption-experiments re- 
vealed a complete lack of immunological specificity. The natural 
meningococcal lysin. therefore, appears to  be quite different from 
the marked increase in meningococcidal power which is obtained 
following immunization with the specific organisms. This is also 

CO 1 2  clzisio 7 1  s. 
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liorne out by the fact that the lytic property in normal human serum 
may exist entirely apart from its agglutinating capacity. The  con- 
clusion, therefore, seems justified that the normal meningococcidal 
power of human and animal blood is wholly unrelated to  any pre- 
vious immunizing experience with the specific antigen. While the 
possibility cannot h excluded that in those instances in which natu- 
ral agglutinin and lysin occur together both antibodies reflect the 
result of common antigenic stimulation, it is more than likely that  
this relationship is merely fortuitous and that their coexistence 
should be interpreted as a chance occurrence of 2 different sub- 
stances, one a specific antibody and the other a nonspecific factor of  
the blood . 
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Citrate Solutioiis for Preservation of Fluid Blood. 

JOYCE COTTER A N D  \Lr. J. ~LIACNEAL. 
F r o m  t h e  I l cpar t t i im t  of Pathology and  Bacteriology, S e u ;  P o r k  Pos t -Gradua te  

3icdncnl School and  Eospi tnl ,  Colzimbicc Gniverszty. 

Solutions of sodium citrate have been used to prevent coagulation 
of blood for many years and these solutions have become increas- 
ingly important in preserving the fluid blood for transfer f rom one 
human being to another. The citrate solutions are also employed 
in various laboratory procedures, particularly in the preservation of 
leukocytes for  study of phagocytosis. The present study was un- 
dertaken because of the suspicion that some untoward reactions ob- 
served follon-ing citrate transfusions might be related to  the citrate. 

Lye obtained hermetically sealed ampules of the citrate solutions 
of 3 different manufacturers. -All of these Ivere perfectly clear. PI 
test of the hydrogen-ion concentration of these 4 specimens revealed 
the follo\ving results: 

Specimen 
9 
B 
C 
D 

PH 
8.5 
8.0 
8.1 
8.2 

\Ve also prepared some solutions in our own laboratory and found 
that one solution of  sodium citrate, '2.5% in  0.6% sodium chloride, 
had a p H  of 8.7, higher than that oliserved in any of the 3 com- 
merci a1 samples. 




