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At present, El Tor vibrios are differenti- 
ated from Vibrio cholerae in the laboratory 
primarily by their ability to hemolyze goat or 
sheep erythrocytes ( 1).  However, the results 
of hemolysis tests have been extremely vari- 
able depending on the modification of the 
test used and the nature of the strains being 
tested. For example, strains from the 1961 
epidemic in the Philippines and Hong Kong 
were non-hemolytic at 72 hours of incubation 
in “the original Greig test”( 2) used by Good- 
ner and his co-workers (personal communica- 
tion) although other investigators have 
found these strains to be hemolytic in modi- 
fications of the test using 24 hour cultures 
(3,4). Some reason for this discrepancy was 
suggested by the work of de Moor(5) who 
reported the disappearance of hemolysin from 
broth cultures of the Celebes El Tor vibrios 
between the second and fourth days of incu- 
bation. This observation was repeated’ re- 
cently by Feeley and Pittman(6) who found 
the Philippine and Hong Kong cultures to be 
hemolytic or non-hemolytic depending on the 
time the broth cultures were tested. This 
characteristic varied somewhat with the dif- 
ferent media used. de Moor(5) also had 
noted that the hemolytic activity of the Cele- 
bes vibrios increased during laboratory main- 
tenance. Recently, some strains from the 
1962 resurgence of cholera El Tor in the Phil- 
ippines were found to be non-hemolytic when 
first isolated, but the strains revealed their 
hemolytic capacity in subsequent tests ( C .  2. 
Gomez, personal communication). 

The interpretation placed on the variable 

results of this single biological test and the 
implications thereof have had far reaching 
consequences since, in 195 7,  the Committee 
on International Quarantine stated its opin- 
ion that El Tor infection should not be in- 
cluded in the term “cholera”(7). As a re- 
sult of the widespread epidemic of cholera 
caused by El Tor vibrios in the Far East in 
1961, it is now acknowledged that “cholera, 
under the definition of quarantinable diseases 
in Article 1 of the International Sanitary 
Regulations, should include cholera due to 
the El Tor vibrio”( 7) .  

Although it  is now recognized that epi- 
demic cholera may be caused by either V .  
cholerae or El Tor vibrios, for epidemiologic 
and other considerations it is still important 
to be able to differentiate between the 2 
groups of organisms. Since other methods 
which have been devised for that purpose 
have proved unsatisfactory( 8), a new method 
more reliable than the hemolysis test is still 
needed. #Consistent results have been ob- 
tained by use of the group IV cholera bac- 
teriophage( 9)  which is lytic for V .  cholerae 
but does not lyse El Tor vibrios (8,lO). How- 
ever, the requisite phage and facilities for its 
propagation .and maintenance are not univer- 
sally available. Further, the results of this 
test are not available until overnight incu- 
bation following the primary isolation. 

In preliminary studies, freshly isolated El 
Tor vibrios were observed to cause hemag- 
glutination of chicken red blood cells in slide 
tests while the laboratory strains of V.  chol- 
erae tested were unable to do so. Subsequent 
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examination of larger series of El Tor and V .  
cholerae strains revealed the hemagglutina- 
tion test to be a reliable means of differenti- 
ating these 2 groups of vibrios regardless of 
their source or history of laboratory mainte- 
nance. 

Materials and methods. Hemagglutination 
test. The test was performed on microscope 
slides across which approximately 20 paral- 
lel lines were drawn with a Deco-Write ball 
point Craf-Tube (Craf-tint Mfg. Co., Cleve- 
land, Ohio). A drop of physiological saline 
was applied with a 3 mm diameter bacterio- 
logical loop to the channels thus formed. 
Sufficient bacterial growth from agar cultures 
was emulsified in the drop to make a heavy 
milky suspension. A loopful of washed 2.5% 
chicken red blood cells in normal saline was 
then added and the slide was tilted back and 
forth to mix the cells and bacterial suspen- 
sion. (Blood from unselected chickens in the 
U.S.A., India and the Philippines has per- 
formed satisfactorily when collected in Al- 
sever’s solution, heparinized or defibrinated. 
Preliminary tests indicate that erythrocytes 
from other species may also prove satisfac- 
tory.) If the test was positive, clumping of 
the erythrocytes was usually detectable al- 
most immediately with the naked eye using 
transmitted illumination. A stereoscopic dis- 
secting microscope was employed routinely, 
however, and was especially useful for con- 
firmation of weaker reactions. Any clumping 
of erythrocytes within one minute was con- 
sidered a positive reaction. The erythrocytes 
remained completely dispersed in negative re- 
actions. Autoagglutination of degraded or 
rough strains in the saline did not interfere 
with the reaction. For early results, isolated 
suspicious colonies from the primary stool 
culture plates (nutrient agar, bile salts agar, 
Aronson’s medium), with or without prelimi- 
nary enrichment in alkaline peptone water, 
were tested for hemagglutination on the same 
slide in parallel with tests for agglutination 
in group and type specific cholera antisera. 
Tests with older laboratory cultures were per- 
formed using 18-24 hour growth on papain 
digest meat extract agar or nutrient agar. 

Vibrio strains. The majority of the strains 
were available a t  the Indian Institute for Bio- 
chemistry and Experimental Medicine. Ad- 

ditional stock cultures from the Walter Reed 
Army Institute of Research (WRAIR) were 
also examined. The identity of strains was 
evaluated by agglutination in cholera 0 
group I antisera; by hemolysis test with sheep 
erythrocytes in the modification of the Greig 
method recommended by Burrows and Pol- 
litzer( l l )  using 18-24 hour alkaline nutrient 
broth cultures; by fermentation of sucrose 
and mannose but not arabinose( 11) and by 
the test of susceptibility to lysis by group IV 
choleraphage (8). 

Results. Three hundred and twenty-seven 
laboratory strains of V .  cholerae were tested. 
These included the 287 cited in Table I as 
well as 40 strains of diverse origin from the 
WRAIR stock culture collection. In addition 
to the laboratory strains, a number of fresh 
isolates of V .  cholerae were tested at  time of 
isolation during the 1962 cholera epidemic in 
Calcutta. None of the agar-grown V .  chol- 
erae cultures tested in this series were he- 
magglutinative in the slide test. 

On the other hand, 349 laboratory cultures 
of El Tor vibrios (Table I ) ,  as well as a num- 
ber of fresh isolates tested at  time of isola- 
tion during the 1961 and 1962 epidemics of 
cholera El Tor in the Philippines were all 
hemagglutinative under the same conditions. 
The hemagglutination reactions varied some- 
what in intensity among the El Tor strains. 
Usually, clumping of the erythrocytes was 
rapid and marked, but a few strains pro- 
duced slower and weaker hemagglutination. 
Use of more concentrated bacterial suspen- 
sions gave a clearer result in these cases. 

While the overwhelming majority of the 
strains tested fell into 2 categories, hemag- 
glutinin + and hemolysin + or hemagglu- 
tinin - and hemolysin -, 2 El Tor strains de- 
viated from this pattern. 

One strain, Bandung 2/61, isolated in West 
Java in September, 1961, was forwarded to 
us as a “non-hemolytic El Tor strain.” I t  
also proved to be non-hemoIytic and phage 
resistant when received by us, but after a pe- 
riod of laboratory maintenance it manifested 
hemolytic activity. At that time, 6 distinct 
colonial types were observed by the oblique 
light technic of Henry(12,‘13). Of 30 col- 
onies representing the differen t colonial vari- 
ants, all but one were weakly ‘to moderately 
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hemolytic. The exception was not hemolytic' 
when it was first tested, but manifested a 
feeble hemolytic activity after one sub-cul- 
ture. All of the variants, including this one 
in both its hemolytic and non-hemolytic 
states, were hemagglutinative, lyso-resistant 
to group IV choleraphage and gave typical 
fermentation reactions. This strain could 
have been considered to be true V .  cholerae 
at time of isolation because of its inactivity 
in the hemolysis test. However, the phage 
and hemagglutinin reaction suggested its real 
identity as an El Tor vibrio and its change 
in hemolytic activity confirmed that hypothe- 
sis. 

Another strain, Mak 757, isolated in the 
Celebes during the 1937-38 El Tor epidemic, 
was designated an El Tor vibrio of the Hiko- 
jima serotype and lysotype I of Nicolle, et al. 
(14) when it  was sent to us. However, in 
our hands, this strain was found to be non- 
hemolytic on repeated occasions over 7 
months' propagation. The strain was hemag- 
glutinative and lyso-resistant to group IV 
choleraphage. I t  was colonially homogene- 
ous. Thirty colonies were picked and all re- 
acted as did the parent strain. Based on the 
phage reaction, the hemagglutination test and 
its history of being isolated in an El Tor out- 
break, we are led to the conclusion that this 
is an example of an El Tor strain which has 
lost its hemolytic property. However, in the 
absence of an earlier record of the hemolytic 
status of the strain (which might not have 
been tested at all) it is also possible that the 
strain was non-hemolytic since its isolation. 
Using only the criterion of the hemolytic test, 
i t  would likely be identified now incorrectly 
as true V .  cholerae. 

We have also tested 19 strains of so-called 
NAG ( non-agglutinable, i.e., vibrios which 
are not agglutinated by cholera 0 group I 
antisera) vibrios which were not further char- 
acterized. Fifteen of these strains were he- 
magglutinative in the slide test. 

Discussion. Our attention was directed 'to 
the use of the hemagglutination test as a 
means of differentiating El Tor vibrios from 
I/. cholerae as a result of a preliminary sur- 
vey (Brinton and Finkelstein, 1960, unpub- 
lished observations) of cholera strains for the 
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presence of fimbriae ( 15) or pili ( 16) using 
hemagglutination as a presumptive test for 
these structures. Although all of the agar- 
grown V .  cholerae strains included in that 
study were inactive in the direct slide hemag- 
glutination test, following broth passage of 
25 strains, it was possible to isolate 2 hemag- 
glutinative variants from one strain, 20-A-1 1. 
Similar observations were also made indepen- 
dently by Bales and Lankford( 1 7 ) .  They, 
however, found, in addition, that each of 17 
cultures of V .  cholerae was hemagglutinative 
in tube tests when cultivated in trypticase 
soy broth under forced aeration. They re- 
garded this hemagglutinating activity as a 
manifestation of an adhesive antigen. I t  is 
important to note that the differentiation be- 
tween V .  cholerae and El Tor vibrios in the 
present study is dependent on the use of 
agar-grown cultures in slide tests. I t  may be 
mentioned here that electron microscopic ex- 
amination revealed no evidence of pili in 
either the hemagglutinating V .  cholerae vari- 
ants or El Tor strains although flagellated 
vibrios could be seen adhering to, and seem- 
ingly forming bridges between, ghosts of red 
blood cells (Finkelstein and Hartman, 196 1, 
unpublished observations) . 

Previously, other investigators ( 1 ) had ob- 
served hemagglutination by El Tor and chol- 
era-like vibrios and Griffitts ( 18) reported ob- 
serving microscopic hemagglutination in tube 
tests with 7 of 10 strains of V .  comma. How- 
ever, to our knowledge, no attempt to utilize 
hemagglutination in differentiating V .  chol- 
erae from El Tor vibrios has been recorded. 

From the present study i t  is apparent that 
the chicken cell slide agglutination test with 
agar-grown vibrios is a rapid, simple and re- 
liable method for distinguishing between El 
Tor vibrios and I/. cholerae. Hemagglutina- 
tion also appears to be a more stable and re- 
producible property of El Tor vibrios than 
their hemolytic activity. Although the ob- 
servation that occasional strains of V .  chol- 
erae may yield variants with hemagglutinat- 
ing activity in this test would seem to pro- 
vide possible exceptions, in practice this did 
not occur in the large series of laboratory or 
freshly isolated cultures which were exam- 
ined. 

It is suggested that suspicious colonies from 
primary plating of specimens from cholera 
patients should be tested for agglutination in 
diagnostic antisera and, in parallel, for he- 
magglutination for rapid differentiation of V .  
cholerae and El Tor vibrios. Additional re- 
liable tests such as susceptibility to lysis by 
group I V  choleraphage may be applied sub- 
sequently for confirmation. The hemagglu- 
tination test may also provide a useful char- 
acteristic in classification of heterogeneous 
group of NAG vibrios which have sometimes 
been implicated in diarrheal disease. 

Summary. Direct hemagglutination of 
chicken erythrocytes in slide tests using sus- 
pensions of agar-grown vibrios has been 
found to be a rapid and reliable means of 
differentiating the 2 “agglutinable” groups 
of vibrios which cause epidemic cholera, V .  
cholerae and El Tor vibrios. The test can be 
performed at the time of primary isolation to 
give immediate results. All El Tor strains 
which have been tested were hemagglutina- 
tive while no V .  cholerae strains were hemag- 
glutinative under the same conditions. 

ADDENDUM. Since this manuscript was 
submitted, a recent note (Wahba, A. H., 
Takla, V., Bull. Wld. Hlth. Org., 1962, v 26, 
306) describing a new chemical flocculation 
test for cholera vibrio identification has come 
to our attention. The authors cite additional 
evidence of the unreliability of the hemolysis 
test as a means of differentiating V .  cholerae 
and El Tor vibrios. In their examination of 
36 strains, the test they propose differentiated 
between smooth V .  cholerae and “V. El Tor” 
strains but was not applicable to rough 
strains . 

The authors are grateful to Dr. J. C. Ray, Di- 
rector, Indian Inst. for Biochem. and Exp. Med., 
Calcutta, for his support and interest. Laboratory 
space and cooperation given one of us (RAF) by 
Dr. Trinidad P. Pesigan, Director, and Mrs. Cecilia 
2. Gomez, Bureau of Research and Laboratories, 
Dept. of Health, Manila, Philippines, where a por- 
tion of this study was performed, is also gratefully 
acknowledged. We thank Dr. A. Mondal, Supt., 
Infectious Diseases Hosp., Calcutta, for cooperation 
in the collection of specimens from patients in the 
hospital. Mr. Indrajit Guha Thakurta ably furnished 
technical assistance and we are also grateful to the 
following for furnishing strains used in the investi- 



OLIGURIC RENAL CIRCULATORY TRANSIT TIMES 3 59 

gation: Drs. J. M. MacKenzie and R. E. Alvarez, 
Hong Kong; Drs. Soemiatno and Lo Siauw Goen, 
Bandung; Mr. S. J. W. Tanamal, Makassar; Lt. 
Colonel 0. Felsenfeld, Washington, D.C. (formerly 
Bangkok) ; Drs. P. R. Aragon and J. C. Azurin and 
Mrs. C. 2. Gomez, Manila; Dr. K. A. Monsur, 
Dacca; Dr. P. Nicolle, Paris; Dr. L. R. N. Shah 
Deo, Patna; Dr. S. P. Gupta, Lucknow; Dr. S. 
Govindarajan, Madras ; and Dr. Margaret Pittman, 
Bethesda. 

1. Pollitzer, R., Cholera, 1959, World Health Organ- 

2 .  Greig, E. D. W., Indian J .  Med.  Res., 1914, 

3. Felsenfeld, O., Mukerjee, S., Nasuniya, N., 

4. Finkelstein, R. A., Gomez, C. Z., Bull. Wld. 

5. de Moor, C. E., ibid., 1949, v2, 5. 
6. Feeley, J. C., Pittman, M., Bact. Proc., 1962, 98. 
7. Fifteenth World Health Assembly, WHO Chron- 

ization, Geneva. 

v2, 623. 

J .  Trop.  Med.  and Hyg., 1962, v65, 200. 

HZth. Org., in press. 

icle, 1962, v16, 281. 

Exp. Med., 1961, v21, 129. 

ibid., 1957, vl7, 161. 

v81, 830. 

Org., 1958, v18, 275. 

8. Mukerjee, S., Guha Roy, U. K., Ann. Biochem. 

9. Mukerjee, S. ,  Guha, D. K., Guha Roy, U. K., 

10. Mukerjee, S., Guha Roy, U. K., J .  Bact., 1961, 

11. Burrows, W., Politzer, R., Bull. WZd. Hlth. 

12. Henry, B. S., J .  Infect. Dis., 1933, v52, 374. 
13. Lankford, C. E., J .  Microbial. SOC. Thailand, 

14. Nicolle, P., Gallut, J., Le Minor, L.; Ann. Inst. 

15. Duguid, J. P., Gillies, R. R., J .  Path. Bact., 

16. Brinton, C .  C., Jr., Nature, 1959, v183, 782. 
17. Bales, G. L., Lankford, C. E., Bact. Proc., 

18. Griffiitts, J. J., PROC. SOC. EXP. BIOL. AND 

1959, v3, 101. 

Pasteur, 1960, v99, 664. ' 

1957, v74, 397. 

1961, 118. 

MED., 1948, v67, 358. 

Received October 31, 1962. P.S.E.B.M., 1963, v112. 

Measurement of Renal Red Cell and Plasma Transit Times in 
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Department of Medicine, Royal Free Hospital, London, England 

The disturbance of the renal circulation in 
acute renal failure is poorly understood. Re- 
cent investigations have shown that the per- 
sistence of renal failure in the oliguric stage 
of the disease is not due to renal ischemia as 
renal blood flow averaged 40% of normal 
when measured with the inert radioactive gas 
kryptons5( 1,2)  or with a constant infusion of 
indocyanine green into the renal artery (3,4). 
Both these methods are independent of tubu- 
lar function or urine formation and contrast 
with the para-aminohippurate clearance and 
extraction technic which depends on tubular 
function and urine formation. The early re- 
sults of renal blood flow in acute renal failure 
using PAH averaged only 3 ?$I of normal( 5,6)  

* I n  receipt of a grant from the Royal Free Hos- 
pital. 

t In receipt of a grant from Medic,al Research 
Council (Great Britain). 
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and are probably invalid as the extremely low 
extraction of PAH by the oliguric kidney 
prevents accurate determination of renal 
blood flow. 

If renal Mood flow is adequate in acute re- 
nal failure then the possibility of intrarenal 
shunting of blood must be considered to ex- 
plain the persistence of oliguria and loss of 
function. To investigate this problem fur- 
ther in man a method of measuring mean red 
cell and plasma transit times through the kid- 
ney has been developed and applied to the 
oliguric patient with acute renal failure. 

Method. The method has been developed 
from a modification of the technic for meas- 
uring the splanchnic blood volume(7). If 
the effluent and affluent blood of an organ 
can be sampled rapidly over a period of time 
it is possible to estimate the quantity of an 
indicator trapped in the organ during the pe- 




