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Antibody Response to Rabies Booster Inoculation in Prophylactically
Immunized Human Volunteers

by DANIEL COHEN, D.V.M., M.P.H., School of Veterinary Medicine, University ofPennsylvania,
Philadelphia, Pa., ERNEST S. TIERKEL, V.M.D., M.P.H., Agency for International Development,
US Department of State, Washington, D.C., ROBERT K. SIKES, D.V.M., M.P.H.,
Communicable Disease Center, US Department of Health, Education, and Welfare, Atlanta, Ga.,
and SALLY M. CHEN, A.B., School of Veterinary Medicine, University ofPennsylvania, Philadelphia, Pa., USA

The importance of the presence of specific neu-
tralizing antibodies soon after exposure to rabies
virus has been demonstrated.a, b As a result, the
prophylactic administration of vaccine to appro-
priate occupational "high-risk " groups (veteri-
narians, laboratory workers, etc.) and the adminis-
tration of hyperimmune serum as a therapeutic
measure have been recommended by the WHO
Expert Committee on Rabies c and are practised in
many parts of the world.
The hyperimmune serum commercially available

in the USA is of equine origin, and serious and
sometimes fatal allergic reactions are encountered
following its administration. When an allergic
response to horse serum is anticipated, the use of
hyperimmune serum of human origin is sometimes
employed. This serum is obtained from donors who
have received at some time in the past a series of
vaccine inoculations. Frequently the current titre of
the donor is unknown and time does not permit the
pretesting of his serum. The serum may therefore be
of low titre and of little protective value.
A study was undertaken to determine the rapidity

of neutralizing antibody response in a group of
prophylactically immunized potential donors. These
volunteers were given a single booster inoculation
with an inactivated rabies vaccine of duck-embryo
origin. The purpose of the study was: (1) to deter-
mine the rapidity of response for the benefit of the
donor himself, and (2) to determine the value of
giving a potential donor a booster inoculation
24-48 hours prior to the extraction and utilization
of his serum.

a Koprowski, H. & Cox, H. R. (1951) Amer. J. publ.
Hlth, 41, 1483.

b Baltazard, M. & Bahmanyar, M. (1955) Bull. Wld Hlth
Org., 13, 747-772.

c World Health Organization, Expert Committee on
Rabies (1960) Wld Hlth Org. techn. Rep. Ser., 201.

Materials and methods
Twenty students at the University of Pennsylvania

participated in this study. The 20 volunteers had
received a series of four inoculations at weekly
intervals and a booster inoculation at one year.
The series had been completed about one year prior
to this study. In April 1963 a serum specimen was
obtained from each subject and the students were
given a second booster inoculation. Serum speci-
mens were collected at intervals of 1, 2, 5d and 12
days following the booster.
The vaccine utilized throughout this study was a

beta-propiolactone-inactivated rabies vaccine of
duck-embryo origin. It was administered in 1-ml
doses subcutaneously. Serum specimens were frozen
and shipped to the Rabies Investigations Laboratory
at the Communicable Disease Center, Atlanta, Ga.,
where serum neutralization tests in mice were per-
formed according to standardized procedures,e
utilizing about 50 LD50 of virus.

Results

The accompanying table shows the serum neutrali-
zation results grouped according to the magnitude of
the prebooster titres. Group A consisted of pre-
booster titres of less than 1: 10, Group B of titres
of 1: 10 to 1: 100 and Group C of titres greater
than 1: 100. It will be noted that 8/20 are to be
found in Group A; 7/20 in Group B; and 5/20 in
Group C. Of the 20 students in this study, 11
showed some rise in titres by 24 hours (4/8 in
Group A, 6/7 in Group B, and 1/5 in Group C).
One additional student from Group C showed a rise
in titre by two days and six students showed a rise in

d From two individuals serum specimens were collected
at 7, not 5, days.

e Atanasiu, P. et al. (1956) Bull. Wid Hith Org., 14, 593-
611.
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RESPONSE TO RABIES BOOSTER INOCULATION IN IMMUNIZED PERSONS

SERUM NEUTRALIZATION TITRES AFTER RABIES BOOSTER PROPHYLACTIC INOCULATION

Prebooster Post-booster titres
Group _ Studenteltitre I day [ 2 days [ 5 days 12days

A 1 <1:2 <1:2 1:2 1:3 1:125
(initial titres
<1:10) 2 <1:2 <1:2 <1:2 1:10 >1:125

3 < 1 :2 < 1 :2 Not done 1:7 1:70

4 <1:2 1:3 1:3 1:30 >1:125

5 1:2 1:3 1:10 1:10 1:30

6 1:3 1:3 1:3 1:60 1:625

7 1:3 1:7 1:7 1:30 1:90

8 1:4 1:7 1:7 1:7 >1:125

Average 1:2.5 1:3.6 1:4.8 1:19.6 1 :164.4

B 1 1:12 1:60 1:70 1:90 >1:625
(initial titres
1 10to:100) 2 1:15 1:20 1:20 1 :20 1:30

3 1:30 1:60 1:70 1:70 1:460

4 1:40 1:60 1:60 1:l125 a 1:125

5 1 :50 1 :60 1:275 1 :275 > 1 :625

6 1 :60 1 :60 1 :60 1 :125 1: 330

7 1: 60 1:70 1: 275 1: 275 1: 460

Average 1:38.1 1:55.7 1:118.6 1:140.0 1:379.3

C 1 1:125 1:125 1:125 1:125 1:125
(initial titres
>i1 100) 2 1 :125 1 :125 1: 275 1 :275 1: 330

3 1 :125 1 :125 1 :125 1: 500 1: 625

4 1:125 1: 275 1: 275 b 1 :275 a 1 :800

5 1:1 400 1:1 400 1:1 400 1:1 400 1:1 400

Average 1: 380.0 1 :410.0 1 : 440.0 1 :515.0 1: 656.0

a Obtained on day 7.
b Not done but titre assumed to be 1: 275 (note titres for days 1 and 5).

titre by the fifth day (two from each group). Two
students, both from Group C, showed no rise in
titre within the 12-day period.
The multiplication factors for the serological re-

sponse for each of the three prebooster titre groups
were calculated. The final degree ofresponse at 12 days
was inversely proportional to the prebooster titre,
i.e., the greatest multiplication factors were recorded
for Group A and the smallest for Group C (Fig. 1).
A statistically significant difference in the average
multiplication factor was detected as early as day 1
following booster inoculation for Group A and by
day 2 for Group B.
Group C never did show a statistically significant

difference in multiplication factors during the 12 days

of study. However, the average titre obtained for
each of these groups was directly related to their
prebooster titres, i.e., the average titre was lowest
for Group A and highest for Group C (see table).
The geometric mean for the entire group according
to days after inoculation is shown in Fig. 2, where an
exponential relationship is demonstrated.

Discussion
In general the response was greatest in degree of

change for Group A, but these students did not as a
group achieve the neutralizing antibody levels of
Groups B or C by the end of the 12-day period of
observation. With only three exceptions (two in
Group A and one in Group B) all the students
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FIG. 1
INCREASE IN NEUTRALIZATION TITRE FOLLOWING

RABIES VACCINE BOOSTER INOCULATION, EXPRESSED
AS THE AVERAGE MULTIPLICATION FACTOR FOR EACH

PREBOOSTER TITRE GROUP
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FIG. 2

GEOMETRIC MEAN RABIES NEUTRALIZATION TITRES
OF 20 INDIVIDUALS DURING 12 DAYS FOLLOWING

BOOSTER INOCULATION
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Days following booster inoculation

achieved titres of greater than 1: 100. Change was

least noticeable in Group C, which indicates that
the range of maximum response was to be found
within the 10-2 to 10-3 dilutions of serum. The
number of individuals responding at day 1 was most
noticeable in Group B, where 6/7 showed a change,
but the degree of change was not statistically signi-
ficant. In Group A, where a statistical difference
was noted by day 1, it is highly doubtful whether the
small changes in titre carry any biological significance.
For Groups A and B we have to wait until the fifth
day before approximately fourfold or greater changes
in titre are recorded.
While it is customary in serology to require a

fourfold change or greater for significance, in rabies
even a twofold change in titre may constitute a

significant change, depending on the initial titre.
From this point of view people in Group B almost
doubled their titre (a multiplication factor of 1.9)
within one day and Group A required two days to

achieve this level. Group C showed a twofold
increase by five days. Again, for Group A it is
doubtful whether this twofold rise is meaningful,
but for the other two groups it probably is.
From the point of view of the students who had

received a prophylactic series, the results of this
experiment were most satisfactory. The rapidity of
response and the high degree of antibody achieved
12 days following a single booster inoculation was

most gratifying. One wonders whether more than
one booster inoculation would have achieved any
better results.
We would have to conclude from the total

average multiplication factors that there would be
only a small gain to be derived from giving potential
donors a booster inoculation and harvesting their
sera within 24 hours. There may be an advantage if
48 hours is utilized as the time of harvest.
The creation of human hyperimmune serum or

gamma-globulin banks is the most logical solution

5
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to the problem of having prophylactic materials
available at the earliest moment after exposure.
However, until such banks are established, and in
those parts of the world in which the serum banks
would not be readily available, the direct use of
human donors can be employed when hypersen-

sitivity to animal serum is encountered. Under these
conditions the administration should be considered
of a booster inoculation to one of two donors
and the withdrawal of serum from the unboostered
donor as soon as possible and from the second
donor (who has received a booster) at 48 hours.

Molluscicidal Qualities of Three Organo-tin Compounds Revealed
by 6-hour and 24-hour Exposures against Representative Stages and Sizes
of Australorbis glabratus *

by LYMAN P. FRICK and WILMA Q. DE JIMENEZ, US Army Tropical Research Medical Laboratory,
Fort Brooke, San Juan, Puerto Rico, and School of Tropical Medicine, School of Medicine,
University ofPuerto Rico, San Juan, Puerto Rico

A preliminary evaluation of certain organo-tin
compounds indicated that several had considerable
molluscicidal activity against Australorbis glabratus.a
Three of the more promising compounds were sub-
sequently tested more intensively against a stage-size
array of A. glabratus. The results of this evaluation
constitute the subject of this communication.

Materials and methods
The following compounds were evaluated in this

study: tri-n-propyl tin oxide, tri-n-butyl tin acetate,
and tri-n-phenyl tin acetate. The propyl tin sample
was a syrupy, water-clear liquid containing 80%
active ingredient, while the other two compounds
were fine, white powders of 95 % active ingredient.
All were soluble in methanol.
The methods used in these tests have been

described in detail previously. b, C In the preparation
of dilution series, stock solutions in methanol were
diluted with dechlorinated tap water to the desired
concentration of active ingredient. Tests were per-
formed with two classes of incubated eggs (1-6 hours

* This investigation was supported in part by a contract
between the World Health Organization and the University
of Puerto Rico.

a Ritchie, L. S., Berrios-Duran, L. A., Frick, L. P. &
Fox, I. (1964) Bull. Wid Hlth Org., 31, 147-149.

b Ritchie, L. S., Berrios-Duran, L. A., Frick, L. P. &
Fox, I. (1963) Bull. Wid Hlth Org., 29, 281-286.

c Frick, L. P. & Jimenez, W. Q. de (1963) Bull. Wid
Hlth Org., 29, 286-287.

and 4 days) and four classes of hatched snails
(newly hatched not over 24 hours old, 3-5 mm
adolescents, 8-10 mm juveniles, and 13-15 mm
mature). Exposures were made for 6 hours or 24
hours, and mortality rates were determined after a
24-hour recovery period following exposure.

Results
Tri-n-butyl tin acetate and tri-n-propyl tin oxide

gave very similar results, except that the latter was
relatively more effective against 4-day eggs. In 24-
hour exposures (Table 1) the LCgo value for either
chemical did not exceed 0.1 15 ppm for hatched
snails. Against 4-day eggs, however, the butyl tin
had an LCgo of 0.45 ppm, as compared with only
0.17 ppm for the propyl tin. Both chemicals were
extremely effective against newly hatched and
3-5-mm snails, LCgo values for these stages being
only 0.04-0.05 ppm.

In 6-hour exposures tri-n-butyl tin acetate was
somewhat more effective than tri-n-propyl tin oxide,
but not significantly so, although again it was less
effective against 4-day eggs (Table 2). With the
butyl tin the maximum LC90 values were 1.17 ppm
for 4-day eggs and 0.38 ppm for 8-10-mm snails,
while the propyl tin had maximum LCgos of 1.05 ppm
for 13-15-mm snails and 0.37 ppm for 4-day eggs.
Approximately the same concentration, 1.6 ppm, of
either chemical killed all stages and sizes of snails
tested.
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