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Gateff ( l ) ,  after examining sera from a 
small number of persons in Africa, stated that 
cholera vaccination (CV) may lower the yel- 
low fever (YF) antibody titers and vice versa. 
Nonhuman primates respond with antibody 
formation to most vaccines used in man. Pat- 
as monkeys (Erythrocebus patas) are espe- 
cially useful in the study of immunolo,' ~ I C  re- 
sponses to antigens prepared from vibrios, as 
well as from yellow fever virus ( 2 ) .  There- 
fore, this species was used to see whether or 
not antagonism between CV and yellow fever 
vaccine (YFV) occurs in primates other than 
man. 

Patas monkeys. Patas monkeys of both 
sexes, weighing 4-8 kg and free from signs of 
disease as determined by clinical, hematologi- 
cal, urine, stool, clinical chemistry and blood 
culture examination, were used. Blood sam- 
ples were collected before and periodically af- 
ter inoculations. The sera were stored at 
-20" without a preservative. 

Vibriocidal antibody titer ( V A )  determi- 
nations. Vibriocidal antibody titer was deter- 
mined by technique of Watanabe et al. ( 3 )  
using Vibrio cholerae Ogawa 41 strain. Only 
3+ and 4+ reactions were recorded as posi- 
tive. 

YeZZow fever neutralizing antibodies, The 
plaque-neutralization test of Spector and 
Tauraso (4, 5 )  was used with the 17D vac- 
cine strain. The neutralizing titers of the sera 
were recorded in decimal exponents, log,, 
(Dex) of the highest dilution (6). 

All serologic tests were carried out in dupli- 
cate. 

Vaccination procedure. Cholera vaccination 

1 Current address: Vaccine Institute, Baroda, 
Gujarat State, India, 

consisted of the intramuscular injection of 
4 X lo9 phenol-killed and phenol-preserved 
V .  cholerae Ogawa 41 organisms; vaccination 
against yellow fever was by the im injection 
of % the adult human dose of the 17D vac- 
cine. Groups of 4 patas monkeys each were 
vaccinated with YFV 8, 6, 4, and 2 weeks 
before, simultaneously with; and 2, 4, 6, and 
8 weeks after the administration of cholera 
vaccine, respectively. Sera were collected be- 
fore vaccination, then every second week 
thereafter for VA and Dex determinations 
for 12  weeks. 

Evaluation. Eight patas monkeys were in- 
oculated with CV; a second group of 8 ani- 
mlals received YFV. Blood was drawn at the 
same intervals as the animals given both im- 
munizing agents. The results of the VA and 
Dex determinations in these animals served 
as controls. 

The geometric means of the antibody titers 
of the monkeys in each group and the stan- 
dard deviation (SD) were calculated. The 
difference between the means of the antibody 
titers in two groups was considered statis- 
tically significant approximately at  the 95% 
level when their geometric means t, 2 SD 
did not overlap. The t test was used princi- 
pally as a control. 

Results. Tables I and I1 indicate that when 
CV and YFV were administered simultane- 
ously, the VA and Dex values were lower 
than in the respective control sera. If CV 
was given 2 weeks before YFV (Table I), VA 
titers were depressed for 4 weeks. When CV 
was injected 4-8 weeks before YFV, no sta- 
tistically significant depressions could be 
shown in the titers by the calculations em- 
ployed. The administration of YFV simul- 
taneously with or 2 weeks after CV appeared 
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550 CHOLERA AND YELLOW FEVER VACCINATION 

to result in reduced Dex values for 6 to 8 
weeks. Decreased IF virus neutralization po- 
tency was observed after 6 weeks if both im- 
munizations were carried out simultaneously. 

Discussion. Admittedly, the groups of ex- 
perimental animals were relatively small, and 
conclusions drawn from laboratory animals, 
even primates, must be applied cautiously to 
man. The SD of the mean was sometimes 
greater than lo%, a value that should not 
be exceeded in experiments. In some individ- 
ual animals relatively large variances were re- 
flected as higher Dex titers 8 weeks after 
vaccination when CV was given simultane- 
ously with YFV. Similar wide spreads of the 
titers were observed after vaccine adminis- 
tration on the same day in individual ani- 
mals. Nevertheless differences between the 
means were always within t 1 SD in the 
latter instances when CV and YFV were giv- 
en at  the same time (Tables I and 11). Fur- 
ther, the geometr,ic sequence of the serial se- 
rum dilutions for the VA test lends itself to 
considerable differences in the titers from one 
animal to another. Lower Dex values acquire 
practical significance when CV is adminis- 
tered after YFV, which is often the case in 
Africa and Asia. Many disillusionments re- 
sulted in cholera research when conclusions 
were drawn from the results of experiments 
in rodents, and from disregarding the differ- 
ence between coproantibodies and circulating 
antibodies. In  this study only circulating VA 
was determined. Thus the significance of 
these findings in relationship to cholera in 
which coproantibodies appear to constitute 
the first line defense may be debated. How- 
ever, the Dex values reflect true protective 
ability against yellow fever which is desir- 
able for the populations of certain extensive 

areas of Africa and America. Therefore, the 
lowering of YF  neutralizing titers in man af- 
ter cholera vaccination may be creating a 
problem. I t  is possible that not only CV but 
also other vaccines may influence the Dex ti- 
ter. Studies of the interaction of CV and 
YFV in man has been carried out by our 
group of cooperating laboratories, and the re- 
sults are being published ( 7 ) .  Individuals re- 
ceiving YFV and CV simultaneously or less 
than three weeks apart formed antibodies to 
a lower titer than those who were inoculated 
in greater time intervals. There were no syn- 
ergistic or antagonistic phenomena observed 
when smallpox and cholera vaccine were giv- 
en at  the same time or within a few weeks. 
The reason for the bilateral antagonism be- 
tween CV and YFV is not yet known. 

The authors are greatly indebted to Drs. B. 
Cvjetanovic and D. Barua from the World Health 
Organization for suggesting this study and for their 
support. 
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