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Yellow Fever Vaccination in Malaya by
Subcutaneous Injection and Multiple Puncture

Neutralizing Antibody Responses in Persons With and Without
Pre-existing Antibody to Related Viruses

C. E. GORDON SMITH,' L. H. TURNER 2 & P. ARMITAGE3

Because of the risk of introduction of yellow fever to South-East Asia, comparative
studies were made of yellow fever vaccination in Malayans who had a high prevalence of
antibody to related viruses and in volunteers without related antibody. The proportions of
positive neutralizing antibody responses to subcutaneous vaccination with 17D vaccine
were not significantly different between volunteers with and without heterologous antibody
but the degree of antibody response was greater in those without. The ID50 of 17D in both
groups was about 5 mouse intracerebral LDso. Multiple puncture vaccination with 17D gave
a much lower response rate than subcutaneous vaccination in volunteers with heterologous
antibody. In both groups subcutaneous doses of about 50 mouse intracerebral LD50 gave
larger antibody responses than higher doses. The neutralizing indices and analysis of
results were calculated by a method based on the survival time of the mice. This method,
which has advantages over that of Reed & Muench, is fully described in an annex to this
paper.

In 1954 a meeting of experts on yellow fever at
Kuala Lumpur discussed the hazard of introduction
of yellow fever to south and south-east Asia. Trials
of yellow fever vaccination in Malayan volunteers
were subsequently carried out with the assistance of
United Kingdom Colonial Development and Welfare
Research Funds allocated on the advice of the
Colonial Medical Research Committee.

Fears have long been held that if yellow fever were
introduced to Asia it might spread widely and rapidly
with catastrophic human mortality and subsequent
establishment of a forest reservoir in primates or
other animals because of the presence of large
populations of potential vector mosquitos (Aides
aegypti, Aides albopictus). There is, however, a
high prevalence of infection by several related
(Group B) viruses in man in Malaya: Japanese
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encephalitis (Paterson et al., 1952; Hale et al., 1952),
dengue-l (Smith, 1956a), dengue-2 and AMM 1775.4
Smith (1958) showed that Japanese encephalitis (JE)
infections appeared to be very common in two
coastal areas, rather less so in an inland rice valley
and in the forest fringe and absent in a mountain
area. Dengue (Dl, D2) infections appeared to be
very common in rural areas but less common in a
mountain area. Cross-reacting antibody to yellow
fever was demonstrated in a proportion of persons
with group B infections, e.g., in nearly half of those
with antibody to all of JE, D1, and D2 viruses.
Another group B virus-Langat (TP21) virus-has
been isolated in Malaya (Smith, 1956b) but evidence
of infection has so far been found only in forest
rodents.
The object of this study, carried out largely at the

Institute for Medical Research, Kuala Lumpur,
Malaya, was to discover what effect these antibodies
to related viruses would have on the response to
yellow fever vaccination.

4 Unpublished data of the United States Army Medical
Research Unit, Kuala Lumpur.
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MATERIAL AND METHODS

Vaccine
Standard 17D chick embryo vaccine was obtained

from the South African Institute for Medical Re-
search. The vaccine was shipped on dry-ice and
subsequently stored at -20°C until used.

Viruses

The viruses used were as described by Smith
(1958). Except where otherwise stated, the sera were

tested against French neurotropic yellow fever (YF),
dengue-1 (Dl), dengue-2 (D2), and Japanese
encephalitis (JE).

Vaccine potency
In each experiment several ampoules were resus-

pended in sterile normal saline, pooled and held in an
ice-bath during vaccination. Immediately before the
first vaccination and immediately after the last, an

aliquot was diluted tenfold in buffered 0.75% bovine
albumen and inoculated intracerebrally in doses of
0.03 ml into groups of 5 or 6 mice, 3-4 weeks old.
These were observed for 21 days and the geometric
mean of the two titrations taken to calculate the virus
dose inoculated.

Sera

Sera were collected from volunteers at intervals
and stored at -20°C until tested. Some heparinized
blood samples were collected and tested for viraemia
by intracerebral inoculation of undiluted material
(0.01 ml) into 1-3 day old mice and of several dilu-
tions (0.03 ml) into 3-4-week-old mice.

Neutralization tests

The sera to be tested were heated at 56°C for
30 minutes. Virus dilutions were prepared in fresh
unheated guinea-pig serum. Quantities of 0.2 ml
from four tenfold virus dilutions were each added to
0.2 ml of the sera to be tested and the mixtures were

incubated at 37°C for one hour in the case of JE
and YF and for two hours with Dl and D2 viruses.
Controls were set up with a known positive serum
and with inactivated normal rabbit serum. After
incubation 0.03 ml of each serum virus mixture was

inoculated intracerebrally into 5 mice 3-4 weeks old.
JE and YF mice were observed for 14 days and
dengue mice for 21 days.

Analysis of neutralization tests

Titres were calculated by the method of Reed &
Muench (1938), and by a method based on that of

Smith & Westgarth (1957) and utilizing survival
time; this method, which is described in the Annex,
was used for the analysis of the data.

EXPERIMENTS

Kinrara group
Thirty-five Asian soldiers were inoculated sub-

cutaneously with 9000 mouse intracerebral LDI50 of
vaccine (Batch No. 2416). Serum was collected
before vaccination and after 7, 14, 21 and 42 days,
and in some cases after 28 and 65 days. Tests for
viraemia were made but it was not possible, for fear
of jeopardizing later serum collections, to bleed the
same volunteers daily. Five volunteers at random
were therefore bled and tested on each of the first
five days after vaccination. No viraemia was
detected, but none would be expected in this sample
on the basis of the prevalence found by Smith et al.
(1938).

Irish group
Ampoules of the same batch of vaccine as that

used for the Kinrara group were flown on dry-ice to
Professor G.W. A. Dick, at Belfast, who very kindly
repeated the experiment on 11 Irish volunteers with
no known previous exposure to group B arthropod-
borne viruses.

Institute group
Forty-one Asian members of the staff of the

Institute for Medical Research, Kuala Lumpur, were
given 1300 mouse intracerebral LD,0 of vaccine
(Batch No. 2727) and serum was collected before
inoculation and 60, 189 and 386 days later.

Previously vaccinated group
Eight persons who had been vaccinated against

yellow fever under International Regulations at least
once (up to five times) between one and 14 years
previously (all had been vaccinated within nine years
of the experiment) were vaccinated along with the
Institute group and bled before inoculation and 7,
14, 21, 42, 60 and 386 days later.

Multiple puncture group
The four above-mentioned groups were vaccinated

subcutaneously. If, however, yellow fever were
introduced to Malaya the whole population would
have to be vaccinated within a very short period.
This could probably be done sufficiently quickly only
by a superficial method. Smallpox vaccination is well
developed in Malaya and public vaccinators are well
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trained and to be found everywhere. Mass vaccina-
tion would depend on them, and, as they had been
trained to use multiple puncture, this method was

employed to vaccinate 36 recruits at the Malayan
Police Depot. The skin was cleaned with ether and
allowed to dry. Then a drop of vaccine (Batch
No. 2798) containing 130 000 mouse intracerebral
LD50 per ml was placed on the skin and multiple
puncture performed through it. The volunteers were

kept under observation until the drop of vaccine had
dried. They were bled before vaccination and 28 days
later.

Titration groups

Two groups of volunteers-one in London of
soldiers and post-graduate students without previous
exposure to group B arthropod-borne viruses, and
one in Malaya with a varied previous exposure-

were inoculated subcutaneously in groups with
graded doses of the same batch of vaccine (Batch
No. 2864). The sera from both groups, taken before
vaccination and 28-30 days later, were tested by the
same technique in the same mouse population in
Kuala Lumpur. In the London group, four volunteers
received 5000 LD50, seven 500 LD50, eight 50 LD50,

and eight 5 LD50. In the Malayan group, each of
four subgroups of seven volunteers received 53 000,
5300, 530 and 53 LD50, respectively.

RESULTS

Table 1 shows the highest titres of yellow fever
antibody and the greatest increase in antibody (com-
pared with before vaccination) recorded not more

than 60 days after vaccination in the Kinrara, Ins-
titute and multiple puncture groups. These were

calculated by the method described in the Annex, as
were all the other results quoted. Clearly there was
no significant difference in the prevalence of pre-
existing antibody between the three groups. Whether
a rise of > 1.5 log or a maximum titre > 1.0 log (see
Annex) is taken as the criterion of response, there was
no significant difference between the Kinrara and
Institute groups. There was, however, a much lower
response rate in the multiple puncture group. In the
Kinrara group rises of > 1.5 log had occurred in 11

of the 29 at the 14th day, in 22 at the 21st day and in
all by 28-42 days. No significant fall in neutralizing
antibody titre was observed in 32 Institute volunteers
386 days after vaccination.

TABLE I
MAXIMUM NEUTRALIZING ANTIBODY TITRES AND MAXIMUM RISES IN NEUTRALIZING ANTIBODY TO YELLOW FEVER

UP TO 60 DAYS AFTER VACCINATION IN RELATION TO PRE-EXISTING HETEROLOGOUS ANTIBODY

No. of viruses to which there were pre-existing neutralizing
Group Maximum indices >1.0 log Total

0 1 2 3 >la 2a ?a

Kinrara Total 2 8 22 1 2 35 (100 %)

Rise .1.5 log 2 8 17 1 1 29 (83%)
Rise <1.5 log 5 1 6

Max. titre >1.0 log 2 8 21 1 2 34 (97%)
Max. titre <1.0 log 1 1

Institute Total 2 3 11 15 2 8 41 (100 %)

Rise .1.5 log 2 1 9 13 7 32 (78%)
Rise <1.5 log 2 2 2 2 1 9

Max. titre >1.0 log 2 3 9 15 8 37 (90 %)
Max. titre <1.0 log 2 2 4

Multiple Total 1 14 19 1 1 36 (100%)
puncture

Rise >1.5 log 5 5 1 11 (31 %)
Rise <1.5 log 1 9 14 1 25

Max. titre >1.0 log 7 10 1 18 (50%)
Max. titre <1.0 log 1 7 9 1 18

a Certain sera were not tested against all three viruses (JE, DI, D2).
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The Irish group, which was the control to the
Kinrara group, had no pre-existing antibody and all
showed rises of 2.0-3.3 log. Seven of eight tested
showed rises of > 1.5 log and all of them had titres
>1.0 log by the 14th day. All 11 had rises of >1.5
log at the 21st day after vaccination. A certain
number of sera before and after vaccination were
tested for DI antibody and none was detected.
The previously vaccinated group had pre-existing

yellow fever antibody levels of 2.1-3.6 log. Only
one of the eight showed any significant change after
revaccination: from 2.5 log initially to 4.4 log on
the 14th day, reverting to around 2.5 log thereafter.

In the Malayan titration group the incidence of
pre-existing antibody was not significantly different
from that in the Kinrara and Institute groups
(Table 2). Members of the London titration group
were assumed to be free of heterologous antibody
as none had been overseas to endemic areas. Table 2
shows that there was no significant difference in
response rate between the two groups over the range
of dosage studied. The ID50 in the London group
was about 5 mouse LD50 and that of the Malayan
group does not appear to differ. In both groups
there was a significantly higher mean maximum
titre of yellow fever neutralizing antibody after
vaccination and also a significantly larger mean

maximum rise in titre after doses of 5-53 LD50 than
after higher doses (Table 3). Only those volunteers
who had a significant response as defined above were
included in this analysis.

A few significant neutralizing antibody responses
(>1.5 log) to the heterologous viruses occurred.
Of the 85 volunteers in the Kinrara, Institute and
previously vaccinated groups, three without signi-
ficant pre-existing JE antibody showed JE responses;
eight (three without significant pre-existing DI anti-
body) showed Dl responses; and seven with pre-
existing D2 antibody had D2 responses. In the
Institute group, where sera were tested up to 386
days after vaccination, three of the nine volunteers
with heterologous responses had reverted to the
pre-existing level of antibody by then: In the Irish,
multiple puncture and titration groups the post-
vaccination sera were not tested for heterologous
antibody.

ANALYSIS AND DISCUSSION

The precision of titres estimated by the survival
time index (STI) method is discussed in the Annex.
Their standard error is about 0.5 log. The standard
error of a rise in log titre is about 0.5 log when the
sera compared are in the same test, as was the
practice here. A rise of 1.5 log or more would occur

by chance perhaps between 1 in 20 and 1 in 50 times.
When titres obtained by the method of Reed &

Muench (1938) were compared with titres obtained
by the STI method there was very good agreement
(Fig. 1). The STI method, however, gives greater
precision as it incorporates more information and
it makes it possible for titres to be calculated

TABLE 2
RESPONSE RATES IN RELATION TO DOSAGE AND PRE-EXISTING HETEROLOGOUS ANTIBODY

IN TITRATION EXPERIMENT

Malayan titration group London titration group

Dose Pre-existing antibody to YF YF antibody YF antibody
(LDso) No. of (28-30 days) No. of (28-30 days)

subjects subjects
0 1 2 3 Rise .1.5 >1.0 Rise .1.5 >1.0

53 000 7 3 1 3a | a 7

5000-5300 7 1 3 1 2 7 7 4 2 4

500-530 7 1 3 3 7 7 7 5 7

50-53 7 1 2 4 7 8 8 8 8

5 8 4 5

Total 28 1 8 7 12 [ 21b/21 2121 27 15b/19 1gb,19

a Two with pre-existing YF neutralizing indices of 1.7 and 1.9 log.
b Volunteers 50-5300 LD5o only.
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TABLE 3
DEGREE OF NEUTRALIZING ANTIBODY RESPONSE IN THOSEWHO REACTED

SIGNIFICANTLY IN RELATION TO DOSAGE OF VACCINE IN THE TITRATION GROUPS

Malayan titration group London titration group
Dose__

(LDso) No. of Max. titre Rise No. of Max. titre Rise
subjects (Mean ± SE) (Mean ± SE) subjects (Mean ± SE) (Mean i SE)

53 000 7 2.73 ± 0.15 1.77 ± 0.17

5 000-5 300 7 2.50 ± 0.15 2.14 ± 0.17 4 2.22 ± 0.36 1.55 ± 0.36

500-530 7 2.36 ± 0.15 2.04 0.17 7 2.13 ± 0.27 1.80 ± 0.27

50-53 7 2.96 i 0.15 2.76 ± 0.17 8 3.30 ± 0.25 3.04 ± 0.25

5 5 2.98 0.32 2.80 0.32

Signiflcance of
differences <0.05 <0.01 <0.05 <0.01
In analysis
of variance

FIG. I

RELATIONSHIP BETWEEN ESTIMATES OF LOG TITRE OBTAINED BY
SURVIVAL-TIME METHOD AND REED & MUENCH METHOD FOR AN ARBITRARILY
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TABLE 4
PARTIAL REGRESSION COEFFICIENTS OF RISE IN LOG TITRE FOR EACH VIRUS,

ON THE FOUR PREVACCINATION LOG TITRESa

Dependent Independent variables: prevaccination log titres
variable: rise against No. of subjectsin log titre N s

against JE YF Dl D2

JE -0.17 ± 0.05 -0.15 ± 0.18 0.04 ± 0.05 0.10 ± 0.07 57

YF 0.07 i 0.06 -0.77 i 0.22 0.00 ± 0.06 0.07 i 0.08 91

D2 0.11 ± 0.07 0.43 ± 0.22 0.00 ± 0.06 -0.11 + 0.08 57

a Results expressed as coefficient ± standard error.

(although with lower precision) where doses are
badly balanced around the 50% end-point. The
Reed & Muench method is of little value in such
series.

The influence of pre-existing antibodies

Multiple regressions were performed to show to
what extent the rise in log titre for each virus is
affected by the prevaccination log titres against the
same virus and against each of the other three. Not
all the results could be used in these calculations, as
some sera were not tested against all viruses. Fur-
ther, some of the log titres, particularly for Dl, were
expressed only as inequalities (e.g., > 2.8 log). No
multiple regression was done for the Dl rises, but
approximate values were substituted where necessary
so that the prevaccination readings could be used.
The multiple regression calculations were con-

cerned with variations within the four groups of
subjects; that is, effectively, each log titre or rise in
log titre was expressed as a difference from the mean
for the appropriate group of subjects before the
relationship were investigated.
The partial regression coefficients, with standard

errors, are shown in Table 4. They indicate:

(a) a strong negative relationship of yellow fever
(YF) rise with initial YF level;

(b) a slight negative relationship of JE rise with
initial JE level;

(c) a barely significant positive relationship of
D2 rise with initial YF level.
A slight negative regression of each rise on its

corresponding initial value would be expected, since
the rise is expressed partly in terms of the initial
value (i.e., if the initial value is unusually high the

rise will tend to be unusually low). This may well
explain (b), but probably not (a).
To investigate (a), (b) and (c) more fully, separate

regressions were done of each rise on the relevant
prevaccination level, and the various groups of
subjects were considered separately.

Regression of YF rise on prevaccination YF. The
negative regression mentioned in (a) above was
confirmed. However, the multiple puncture group
includes a rather high proportion of subjects with
initially low titres showing little or no rise, and there
were a small number of similar instances in some of
the other groups. The relationship primarily among
those subjects who had clearly responded to vaccina-
tion was therefore examined, and the regression
calculations were repeated with these subjects
omitted. In this second calculation only those
subjects showing a maximum log titre (i.e., pre-
vaccination value+rise) of greater than 1.0 log were
included; the numbers omitted are shown below:

Group U

Kinrara
Irish
Institute
Previously

vaccinated
Multiple puncture

rsed in second secrion
regression regrssond

34
11
37

8
18

I
0
4

0
18

Total

35
11
41

8
36

The data used in the second regression were
consistent with there being a regression of constant
slope in all five groups, estimated at -0.53±0.12.
Fig. 2 shows the relationship between pre-existing
and maximum rises in YF titres for the various
groups. This analysis therefore agrees with the
multiple regression in showing that the rise in log
titre is appreciably lower, on the average, when the

722
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FIG. 2
RELATIONSHIP BETWEEN INITIAL LOG TITRE AND RISE IN LOG TITRE
AGAINST YELLOW FEVER, FOR INDIVIDUALS IN VARIOUS GROUPSa
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a The dotted line separates the individuals assumed to show no response to vaccination, the
results for whom are excluded from the regression analysis described on page 722.

prevaccination level is high than when it is low. In
the second analysis the standard deviation of the
log rise, measured as a deviation about regression
lines fitted separately to each group, but with a

common -slope, was 0.46. Since the standard error

has previously been estimated to be 0.5-0.7, it appears
that most of the variability is due to imprecision in
measuring end-points.
For a given initial log titre the multiple puncture

group (even after omission of the 18 apparent non-

responders) shows a significantly lower mean rise,
and the Irish group a significantly higher mean rise,

than the other groups (Table 5). As the Kinrara
and Irish groups were apparently strictly comparable
except in respect of heterologous antibody, there is
thus suggestive evidence that heterologous antibody
decreases the degree of neutralizing antibody res-
ponse to 17D.

TABLE 5

RELATIONSHIP BETWEEN RISE IN YELLOW FEVER LO

TITRE AND PREVACCINATION TITRE

Prevacci- Rise In log titre
Group nation Total

log titre 0- 1.0- 2.0- 3.0-

Kinrara 0- 1 14 15 1 31
1.0-1.9 4 4

Irish 0-0.9 9 2 11

Institute 0- 6 7 24 1 38
1.0-1.9 2 1 3

Previously 2.0- 5 2 7
vaccinated 3.0- 1 1

Multiple 0- 17 11 4 32
puncture 1.0-1.9 1 3 4
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Regression of JE rises on prevaccination JE. The
negative regression mentioned in (b) above was
again found, although it was not significant in this
analysis. A comnmon slope within the separate
groups (Kinrara, Institute and previously vaccinated)
was estimated as -0.06 +0.04. There seems little
reason to infer a relationship here, except possibly
that due to the artefact referred to above.
The mean log rise was estimated as 0.46±0.05,

and is probably due to the bias of choosing the
maximum postvaccination level (see " Rise in titres "
in the Annex). The standard deviation of the log
rises was 0.48, again consistent with the previously
estimated measurement error.

Regression of D2 rise on prevaccination YF. No
significant differences were found between the posi-
tions or slopes of regression lines fitted separately
to the three relevant groups (Kinrara, previously
vaccinated and multiple puncture), and a line fitted
to all the data combined (66 subjects) had a slope of
0.14 +0.10. There is thus no clear confirmation of
the relationship suggested by the multiple regression.
The evidence for a positive relationship is provided
largely by one individual who had an initial YF log
titre of 3.6 and a D2 rise of 1.0 log.
The mean log rise was estimated as 0.48 +0.08,

very similar to the mean JE rise reported above in
the discussion on the regression of JE rises on pre-
vaccination JE, and again probably due to the bias
previously referred to. The standard deviation of
the log rises was 0.65, again consistent with the
previously estimated measurement error.

Dl results. There was too high a proportion of
indeterminate titres against this virus to permit of a
detailed analysis. Of these changes in log titre to
which a precise value could be attached, the great
majority were less than 1 log and about 10% were
greater than 2 log. There does not seem much
evidence that real increases in titre occurred with
any great frequency.

Response rates in relation to vaccination technique
Throughout this paper the results have been stated

both in terms of a significant increase in antibody
(>1.5 log) and in terms of the occurrence of a
significant level of antibody (> 1.0 log). The former
indicates an actual response to vaccination while
the latter indicates the presence of an antibody level,
which may or may not be protective.
The Kinrara and Irish groups (with and without

heterologous antibody respectively) were vaccinated

and tested in an identical manner. By either criterion
there was no significant difference in response rate,
although the magnitude of neutralizing antibody res-
ponse was significantly higher in the Irish group
(Table 5). Thus the existence of a high level of heter-
ologous antibody influenced the magnitude but pos-
sibly not the number of responses to subcutaneous
vaccination with 17D vaccine. The Institute group
had a response rate not significantly different from
that of the Kinrara group. The Institute group
demonstrates that following subcutaneous vaccina-
tion in persons with heterologous antibody yellow
fever antibody levels persist for over one year.
The multiple puncture group had a very signifi-

cantly lower response rate than the Kinrara and
Institute groups. Multiple puncture was used for
reasons given above while previous trials of super-
ficial vaccination with 17D vaccine have been by
scratch (Hahn, 1951; Dick, 1952; Cannon &
Dewhurst, 1953; Roever-Bonnet & Hoekstra, 1958).
Success rates of 93 % were reported by Hahn, Dick,
and Roever-Bonnet & Hoekstra. The latter vac-
cinated persons without exposure to related viruses
but Hahn's and Dick's trials were in East Africa,
where the prevalence of group B antibody is much
lower than in Malaya. Cannon & Dewhurst in
Nigeria reported success rates of 45 %-93% in differ-
ent groups. They attributed the lower success rates
to the use of ether for cleaning the skin, but ether
and water for cleaning were not compared in the
same trial and Roever-Bonnet & Hoekstra used ether
with results as good as the best achieved with water
by Cannon & Dewhurst. The use of ether in this trial
is probably therefore not an adverse factor. The
prevalence of heterologous antibodies in the Nigerian
populations was not determined, but they may have
been common.
A possible explanation of the lower rate of res-

ponse following multiple puncture is that while the
heterologous antibodies do not completely prevent
infection by a subcutaneous dose of vaccine, they
may prevent infection by multiple puncture where a
relatively small dose is effectively introduced. An
attempt was made with the titration groups to de-
termine whether the ID50 of 17D was larger in
persons with heterologous antibody than in those
without, but no difference was found. Clearly
further experiments are required in Malayan volunt-
eers (1) with scratching rather than multiple puncture,
and (2) to estimate the ID50 by multiple puncture,
scratch or both in volunteers with and without
heterologous antibody.
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Meantime the available evidence suggests that if
yellow fever vaccination has to be carried out in
populations with a high incidence of antibody
to related viruses, subcutaneous inoculation shouId
be used. On the other hand, in populations
with little or no related antibody there is little
doubt that administration by scratch is highly
effective.

Response in relation to dose
Hahn (1951) suggested that lower doses of 17D

vaccine provoked larger antibody responses than
high doses. Table 3 demonstrates that this is so both
for persons with and for persons without pre-exist-
ing groupB antibody. Doses up to 53 LD50 gave signi-
ficantly larger antibody responses than higher doses.
Auto-interference may account for the difference.
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Annex

STATISTICAL PROCEDURES

Use of survival time

The method of determining end-points in the anti-
body neutralization tests is essentially that of Smith
& Westgarth (1957). These authors found, over a
certain range of dilutions, an almost linear relation-
ship between the reciprocal of the survival time and
the log dilution. The index of response was taken as

y = 1000/t,
where t is the survival time, in days, for each animal.
Mice dying before the fourth day for JE and YF, or
the sixth for Dl and D2, were omitted from the
calculations, these deaths being regarded as trau-
matic. Survivors beyond 14 days for JE and YF, or
21 days for Dl and D2, were given an arbitrary
value, y = 23.8, as though they had died at 42 days
(see Smith & Westgarth, pp. 232-233). A mouse
which had paralysis on the last day of observation
was counted as dying on the next day.
The present data differ from those discussed by

Smith & Westgarth in that each serum was tested
with a number of virus dilutions. The relationship
between survival time index and log dilution is
clearly sigmoid if a sufficiently wide range of dilu-
tions is used, and some decision had therefore to be
taken about which of the extreme doses to omit in
the calculations. After some inspection of the data
for JE and YF it was decided to omit the first dilu-
tion at which the mean value of y exceeded 125, and
any lower dilutions; and, at the other extreme, the

first dilution at which the mean value fell below 50
and any higher dilutions. With DI and D2, which
give a curve with a lower slope, these critical values
were replaced by 110 and 35, respectively. These
rules were occasionally relaxed; for example, if a
particular dose gave a strikingly aberrant result, or if
a particular experiment gave unusually high or low
responses. Normally two to four tenfold dilutions
were " admissible " for any one titration.

Estimation of end-points

Ideally, the data could have been subjected to the
type of regression analysis described by Smith &
Westgarth, but owing to the vast quantity of data
some quicker method of analysis was sought.
Each experiment consisted of titrations on a num-

ber of sera (typically about 20) and, usually, some
control series. For each titration with more than one
admissible dilution a rapid estimate was made of the
slope line relating y to log dilution, in terms of the
mean responses, y. For example, in a dilution series
with three admissible dilutions, giving mean res-
ponses Yl, Y2 and Y3, the slope would be estimated as
1/2½ -y3). For each experiment, an unweighted
average, b, of these separate estimates of slope was
calculated, and this was used to provide end-points.
For each series with JE and YF an estimate, X, was
made of the log-dilution of virus corresponding to a
mean value of y = 75. Thus, for a series in which
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the mean values of log-dilution -and y are, respec-
tively, x and y,

75-y-X = x + b

For DI and D2, X corresponded to a mean value of
y = 50; thus,

50-y
X =x + b

The estimates thus obtained are subject to samp-
iing errors, the magnitude of which is discussed in
the next section. They are also subject to systematic
errors due to the inadequacy of the linear relation-
ship. The sigmoid nature of the curve was undoubt-
edly noticeable, even over the restricted range of
dilutions used in this analysis, but the bias is likely
to have been small in most instances. It would be
most serious for those series in which only one dose
was admissible, so that the calculation of X involved
extrapolation. However, these were usually titra-
tions with sera which were apparently negative and
therefore gave high values of y, and the subsequent
analysis makes allowance for this.

In each experiment, a control value X0 was
obtained by averaging the values of Xfor the control
titration with normal rabbit serum (NRS) and any
other values of X sufficiently close to that for NRS
to indicate that the serum was negative. The choice
of such control sera is somewhat subjective, but it
seems likely that any errors produced by the inclu-
sion of sera which are not really negative is more
than compensated for by the reduction in the
sampling error of X0 achieved by pooling.
For each serum, other than those used in the

calculation of X0, the log of the antibody titre, m,
was calculated as

m= X0-X.
Some sera with high antibody titres gave such low

values of y at each virus dilution that no admissible
dilution was available for the calculation of X. In
such cases it was possible to put an upper limit on
the value of X (obtained by extrapolation from the
result at the lowest dilution), and consequently a
lower limit on m. Thus, if a serum gave X< 2.0 in
an experiment in which X0 = 4.8, we have m > 2.8.

Before the present analysis was undertaken, end-
points for most of the dilution series had been
obtained by the Reed & Muench (1938) method. In
most cases the estimates of X and of m by the two
methods (Reed & Muench and survival time index)
agreed very well, but there were occasional discre-
pancies due to differences in the choice of doses to
be omitted, or in the calculation of X0. These

discrepancies were noted and the appropriate steps
in the calculation were reviewed before a final figure
was decided upon. Apart from the somewhat greater
precision noted by Smith & Westgarth, the survival
time method makes it possible for end-points to be
calculated in situations where the doses are badly
balanced around the end-point. Series of this type
are of little use in estimation by the Reed & Muench
method; by any method, of course, the resulting
estimates will be relatively imprecise.

Fig. 1 in the body of this paper shows the relation-
ship between the values of m calculated by the
survival time method and by the Reed & Muenich
method, for an arbitrarily selected group of sera.

Precision of end-points

The precision of the end-points, X, and the log
titres, m, is difficult to determine exactly, and will
be greater for some values than for others. It is,
however, possible to obtain a rough estimate of the
basic random error due purely to variation in res-
ponse from one animal to another. A lower limit
to this error would be obtained if the results had been
subjected to an efficient regression analysis of the
type described by Smith & Westgarth. An examina-
tion of a small proportion of the data from this
point of view suggests that the standard error of X
will, on the average, be somewhat greater than
0.15 log for JE and YF, and 0.2 log for D1 and D2.
The higher precision of the values for JE and YF is
due mainly to the higher slope observed with these
viruses. On the average, the slope was about 50 for
JE and YF, and about 20 for Dl and D2. The
standard deviation of y within a dose averaged about
30 for JE and YF and 20 for Dl and D2.
The control end-points, X0, would on the whole

be more precise than the end-points for individual
sera, and the standard error of rm would therefore
be rather less than V2 times that of X; say, 0.2-0.3
for JE and YF and 0.3-0.4 for Dl and D2.
These values for the standard errors of m are

probably lower limits, because there will be some
component of error due to wrong choice of control
values and other occasional mishaps. The over-all
precision of m, for a particular serum, can also be
estimated directly whenever duplicate or triplicate
tests were done on the same serum. Since replicates
tended to be taken when an apparent mishap had
occurred in the first test, this replicate error may be
rather on the large side. It actually gives an estimate
of about 0.5 for the average standard error of m,
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and there is no clear tendency for this to be higher
for Dl and D2 than for JE and YF.
We shall therefore estimate the standard error of a

single log-titre, m, to be about 0.5 log.

Rise in titres

In this paper we are concerned largely with the
rise in antibody titre, for a given subject, from a
prevaccination level. We have used here the highest
titre recorded not more than 60 days after vaccina-
tion.

This convention introduces a spurious bias, since
if there are, say, three postvaccination values to
choose from, the highest of these three will tend to
be higher than the prevaccination level, even if the

fluctuations are purely random. The bias would be
on the average between 1/2 and 1 times the standard
error of a log titre, i.e., say, 0.3-0.5 log.
Apart from this positive bias, the standard error

of the rise in log titre would be between 1 and V2
times the standard error of a single log titre, i.e.,
0.5-0.7 log. (The lower figure would be the more
appropriate when the two sera being compared were
tested in the same experiment.) This result suggests
that a rise of 1.5 log or more would occur occasional-
ly by chance, perhaps between 1 in 20 and 1 in
50 times.

In calculating rises in log titre, all sera used for
the calculation of the control end-point, XO, were
given a value of m = 0. Similarly, any negative
values of m were replaced by zero.

RISUMt

La pr6sence en Asie du Sud et du Sud-Est des eventuels
vecteurs de la fievre jaune Aedes aegypti et A. albopictus
fait craindre depuis longtemps l'introduction de la mala-
die dans cette r6gion du monde, et son enracinement chez
les primates ou d'autres animaux des forets.

1i existe d6ja en Malaisie des maladies ai virus du
groupe B (encephalite japonaise, dengue-1 et -2). On a
constat6 chez un certain nombre de personnes porteuses
d'anticorps contre ces maladies une immunit6 crois6e
avec le virus de la fievre jaune.

Les recherches resumees ici avaient pour objet de pre-
ciser l'influence de tels anticorps preexistants sur la
reponse a une vaccination antiamarile. En consequence,
des groupes de volontaires, les uns porteurs des anticorps
contre les maladies pr&itees, les autres depourvus de ces
anticorps, ont 6te vaccines par voie sous-cutan&e par le
vaccin antiamaril 17D. La proportion de sujets r6agis-

sants (evaluee d'apres les anticorps neutralisants) n'a pas
6te significativement differente entre les deux groupes
compares, mais le degre de la reponse-anticorps a ete
plus elev6 chez les sujets d6pourvus d'anticorps hetero-
logues au d6but de l'6tude, que chez les autres. La dose
infectante 50 (DI50) du vaccin 17D etait, pour les deux
groupes, de 5 doses intrac6rebrales souris. Un essai de
vaccination par pressions multiples donna des resultats
moins bons que la vaccination sous-cutan&e chez les
sujets porteurs d'anticorps h6terologues. Dans les deux
groupes, 50 doses intracer6brales souris donnerent de
meilleures reponses-anticorps que des doses superieures.
Les indices de neutralisation et I'analyse des r6sultats
furent calcules et effectues par une methode- figurant en
annexe - bas6e sur le temps de survie des souris, pr6f6-
rable a celle de Reed & Muench.
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