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A Setological Survey for Cholera Antibodies
in Rural East Pakistan

2. A Comparison of Antibody Titres in the Immunized and
Control Populations of a Cholera-vaccine Field-trial Area
and the Relation of Antibody Titre to Cholera Case Rate*

W. H. MOSLEY,! A. 5. BENENSON? & R. BARUI

Corntrofled field trials of a highly antigenic cholera vaccine were held in Matlab Bazar
in rural East Pakistan in 1963 and again in 1964. In July-September 1965, a serological
survey for cholera antibodies was carried out on a random sample of the field-trial population.
This survey revealed that it was possible to demonstrate the effect of a single injection of
the cholera vaccine per head on the proportion of the population with detectable vibriocidal
and agglutinating antibody 10 and 22 months after injection. More significantly, the reduction
in cholera case rate caused by the vaccine could be correlated with the rise in vibriocidal
antibody after vaccination, suggesting that the serological response to vaccine in man
may be a useful measure of vaccine potency. The survey also indicated that in this endemic
cholera area, with a high level of invmunity in adults, a single injection of cholera vaccine
was in fact a booster dose for the majority of the population. Thus, the results of cholera
vaccine field trials in endemic areas cannot be directly extrapolated to predict the effects

of the same vaccine in non-endemic areus.

The design of the cholera vaccine ficld trials con-
ducted in Matiab Bazar, East Pakistan, by the
Pakistan-SEATO Cholera Rescarch Laboratory has
involved the selection of a delined population, the
allocation of cholera vaccine and control vaccine to
this population in a random order and the continuous
house-to-house surveillance for diarrhoeal illness to
detect every cholera case subsequently developing
{Oseaschn et al., 1965; Benenson, Mosiey et al.,

* From the Pakistan-SEATO Cholera Rescarch Labora-
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Research Laboratory is a part of the SEATG. Cholers Re-
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State, Agency for International Development: the National
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Service, US Dcpariment of Health, Education, and Welfare:
and by the Governmemts of Pakistan and other SEATO
nations. The NIH Cholcra Advisory Commitlee co-ordi-
nates the research programme. This paper was presented at
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Council of Japan,
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* Formerly Dircctor of the Pakistan-SEATO Cholera
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1968). In the first trial, initiated in November 1963,
there were 6956 persons who reccived cholera vaccine
and 7098 persons who received the control vaccine;
and in the second trinl, started in Scptember 1964,
there were 8357 persons who received the sarme
cholera vaccine, 8453 who received a control vaccine
and 8457 who received purified Ogawa antigen,
In July-October 1965 a random-sample serologi-
cal survey was conducted among the 5 populations
defined above, to detcrmine the antibody pattern in
this endemic area, and to determine if there were
detectable antibody differences among these vaccine
groups. Because of the high * base-line " antibody
titres Tound, the first report in this series {Moslcy
ct al., 1968) ® presented an examination of the results
obtained from the control groups only. This revealed
that there was a rise in antibody titre with age, a
pattern not found in sera collected from Crzecho-
slovakia, # non-endemic aren. This vise in antibody
titre with age could be correlated with a fall in the
age-specific cholera case rate. In the present report,
the antibody titres of the vaccinated populations are

' Sce the paper on p. 327 of this issue.
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TABLE 1. DISTRIBUTION OF THE MATLAB BAZAR VACCINE TRIAL POPULATION,
BY AGE AND VACCINE GROUP

1083 Triat | 1964 Trinl T
A;(;:a-g::)up Chotera Typhoid Cholera Tetanus Ogawa
vaccine vaccino vaccine toxoid anligen
0-4 1248 1288 1514 1588 1573 19
5-9 1520 1 548 1780 1703 1731
10-29 2067 2110 2617 2531 2662 .ch
=30 2112 2154 2 436 2 541 2 491 sh
— s TP S - © —— .- = s v a— o I
Total 69568 71008 8 357 8453 8 457
compared with those of the corresponding controls  at an initial blood dilution of 1:20. ‘The ricro- "
and further observations are made on the relation-  techniques used in this study have been described in
ship of the cholera case rate to antibody levels. detail elsewhere (Benenson, Saad & Mosley, 1968; N
Benenson, Saad & Paul, 1968). Vibriocidal titres [
METHODS were determined on all specimens; agglutinating
The sampling methods are described in detail in  titres on a 6527 subsample.
the first report (Mosley et al., 1968):' using the indi- The calculation of geometric mean titres was re-
vidual census cards available on the 39 321 persons  duced to an arithmetic aver aging process by assigning
taking part in the trial, the population was stratificd  the value of 0 to titres of less than'1 : 20, | to titres
into 5 vaccine-groups and 4 age-groups, and by sex, of | : 20, 2 to titres of | : 40, 3 to titresof 1 : 80, 4 to
and a random sample of 50 persons was drawn from  titres of I : 160, etc. The levels of significance (P)
each of these 40 strata. The sampling technique for the differences between means were calculated
used ensured that the 2000 individuals selected rep- using Student’s ¢-test.
resented a cross-section of the entire vaccine-trial
population. RESULTS
Finger-tip blood specimens were collected be- Table 1 gives the populations in the vaccine ficld
tween 26 July and 6 October 1965 by the "“’1"'0("" trials by nge and vaccination status. The distribution
previously: described (Mosley et al., 1968). Al by sex is not included since sex was not shown to be
specimens submitted to the laboratory were iden- 4 pactor related to antibody titre or cholera case rate.
tified only by a code nurnber. The scra were titrated 1664 samples were collected from 1522 (76.1%) of
for vibriocidal and agglut.matmg anubo.d.y inrandom 1. 2000 persons in the random sample originally
. batches of 36, together with known positive controls, chosen from this population. Only 2 individuals &
- 1 See the paper on p. 327 of this issue. refused to give specimens; 24 were dead, and the
i
TABLE 2. PERCENTAGE OF BLOOD SAMPLES FROM 1083 TRIAL POPULATION WITH
AGGLUTINATING TITRES OF 1:20 QR MORE, BY AGE, VACCINE GROUP AND SEROTYPE -
Cholera vaccine Typhold vaccine T
Age-
group Percentage positive - Percentage positive
(years) No. tested - No. tested
Ogawa Inabn Opawn inabn
0-4 47 6.4 6.4 40 0.0 5.0
B-9 24 8.4 12.8 19 0.0 0.0
10-20 43 29.2 229 a9 17.9 12.8
> 30 a2 ars 344 24 14.7 14.7
— - he




rmainder were out of the focality at the time of the
urvey. The highest percentage of collections was
n the 0—4-year age-group (85.2%;) while the fewest
wllections were in the 15-29-year age-group (67.0%7),
brimarily because this group contained a large pro-
wrtion of young men at work away from Matlab.

963 trial population

The results for the sample of the populations vac-
inated in the 1963 trial will be examined first. Table 2
hows the proportion with agglutinating titres of
1120 or greater, by age and vaccination status. It
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will be seen that the cholera vaccine group contained
a larger proportion of persons with detectable agglu-
tinating antibody than the corresponding controls,
while in both groups there was an increase with age
in the proportion of individuals with detectable anti-
body.

Fig. | gives the distribution of the vibriocidal
titres found within each age-group, by vaccination
status. In both the vaccinated and control popula-
tions, there is a shift in the distribution of antibody
titres to higher levels with nge: but it is evident that
within each age-group the vibriocidal titres in the

FIG. 1 sor OGAWA TITRES INABA TITRES
IRCENTAGE DISTRIBUTION
OF VIBRIOCIDAL TITRES
11963 TRIAL POPULATION, KEY
BY AGE-GROUP, TYPHOID VACCINE
VACCINE GROUP AGE' _____ CHOLERA VACCINE
AND SEROTYPE GROUP
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vaccinated population are higher than in the
controls.

The geometric mean vibriocidal titres calculated
from the distributions shown in Fig. I are given in
Table 3 and Fig. 2. Within each age-group the mean
titres are significantly higher in the vaccinated popu-
lation than in the controls, particularly for the Inaba
serotype. Fig. 2 also shows that the marked rise in
titre with age results in higher titres in adult controls
than in vaccinated children.

The serological survey was conducted between two
cholera seasons: the cholera season gencrally extends
from September to June, with an incidence peak in

TABLE3
GEOMETRIC MEAN VIBRIOCIDAL TITRES IN 1963 TRIAL POPULATION, BY AGE, VACCINE GROUP AND SEROTYPE

W, H. MOSLEY, A. S. BENENSON & R. BARUI!

December and January. Thus, in examining the
relationship between the antibody titre in the popu
lation and the cholera case rate, we combined the}
incidences for the seasons preceding and following i
the survey; cholera cases with onset between 10 and ’5‘
32 months after vaccination are thus compared witl§i
the results of the serological survey conducted 2 (:
months afier vaccination. Table 4 presents the§l
cholera cases and case rate, by age and vaccine group F.
for Ogawa and Inaba infections, while Fig. 3 show i
the data for Inaba infections. Since there were only}
a few Ogawn infections, the discussion will be limited !
to Inaba cholera. There was a 5674 reduction inf:

S R e
A :
T

Cholera vacclng o Typhold vaccine Level of significance (P)
Age-group Mean titre Mean titre for diﬂs;gzlcneessl?!etween
(years) No. {£5 94 confidence interval) No. {95 % confidence interval)
' tested tested | —— - e e e e e s ——
{dgawa Inaba QOgawa Inaba Opawa Inaba
= == ‘i e g————o o i T Ton T = el et e - R RTmTI wR n - TS
0-4 83 23 (19-28) 24 (19-30) 81 18 (14-23) 18 (14-19) 0.05 0.003
59 44 37 (28-53) 52 (37-75) 48 28 (20-38) 22 (17-28) NS 0.0001
10-29 86 64 (51-81) 93 (77-115} 88 43 (34-58) 49 (38-63) 0.02 0.0001
=30 70 86 (68-110}) 129 (100-181) T4 86 (53-81) 75 {(60-94} 0.06 0.001 I
. U B P |
i |
All agesd | 203 ! 5{ (48-59) 72 (63-80} 289 ‘ 38 (34-43) 38 (34-45) ‘ 0.001 0.0001 X
a NS = not significant.
b Adjusted for age distribution of original population.
FIG. 2

GEOMETRIC MEAN VIBRIOCIDAL TITRES WITH (852 CONFIDENCE INTERVAL) IN 1963 TRIAL POPULATION,
BY AGE-GROUP, VACCINE GROUP AND SEROTYPE
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TABLE 4

CHOLERA CASES AND CASE RATES PER 10000 PERSONS,
SEPTEMBER 1964-JUNE 1966, BY AGE AND VACCINATION
STATUS DURING THE 19863 TRIAL

.‘ Age- Cholera vaccine Typhoid vaccine
group
Rate Rate
(yeare) .| Cases | jorigoon | C%%e% | per 10000
i Inaba chelera
v 04 15 1202 .28 194.1
i 5-9 4 262 14 90.8
10-29 ' 2 9.7 9 42.7
230 1 ) +.7 2 9.3
Total | 22 318 50 70.4
| QOgawa cholera
0-4 3 24.0 3 23.7
5-9 0 -_— 3 19.4
10-28 .0 — 4 19.0
=230 0 — 0 | -~
Total 3 4.3 10 141
FiIG. 3

INABA CHOLERA CASE RATE FER 10000 PERSONS,
OCTOBER 1964-JUNE 1966, BY AGE-GROUP
AND VACCINATION STATUS IN 1983
TRIAL POPULATION
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cholera incidence in the vaccinated as compared with
the control population. As Fig. 3 shows, the case
rates in the vaccinated population were lower than
among the controls in every age-group. Most strik-
ing, however, is the 95% reduction in the cholera
casc rate with age seen both in the vaccinated
and control populations. As a result of this, the
cholera case rate in vaccinated children is over
10 times higher than that in the adult control popu-
lation.

The fall in the cholera case rate with age in both
the vaccinated and control groups (Fig. 3) and the
rise in the mean antibody titre with age (Fig. 2} sug-
gest a relationship between antibody titre and cholera
case rate. Fig. 4 illustrates the nearly linear correla-

FIG. 4

RELATICNSHIP BETWEEN INABA CHOLERA CASE RATE
AND GEOMETRIC MEAN VIBRIOCIDAL TITRE AGAINST
“INABA ORGANISMS IN 1983 TRIAL POPULATION,

BY VACCINATION STATUS
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TABLES

PERCENTAGE OF BLOOD SAMPLES WITH AGGLUTINATING TITRES OF 1: 20 OR MORE IN 1984 TRIAL POPULATION
BY AGE, VACCINE GROUP AND SEROTYPE

Cholera vaccine ! Tetanus toxold Purifled Ogawa antigen
Age_uroup bt b —— B el i p—— + — e — ———
(years) No. Pearcentage positive No. Percenlnga posllive No. Percen!age posiiive
: ' tested Qgawa Inaba tested Ogawa Inaba tested Ogawa Inaba
0-4 87 0.0 15 65 1.8 0.0 56 5.4 5.4
5-9 M 24.4 14.6 34 2.9 2.8 47 12.8 2.4
10-29 63 47.8 41.8 77 19.5 13.0 55 29.1 16.4
> 30 81 85.8 68.9 56 39.3 339 57 40.4 33.3
B8O FIG.5
i PERCENTAGE DISTRIBUTION
70 OGAWA TITRES INABA TITRES OF VIBRIOCIDAL TITRES
"IN 1864 TRIAL POPULATION,
BY AGE-GROUP,
AGE - EY VACCINE GROUP (CHOLERA
GROUP _ VACCINE AND TETANUS
— JLIANUS TO0XOD 1ox01D) AND SEROTYPE
1964
0-4a
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tion between the cholera case rate and the geometric
jnean titres in each age-group for both the vaccin-
sted and control populations, and the fact that vac-
tination is associated with lower case rates and cor-
respondingly higher mean titres in cach age-group.

1964 trial population

Turning to the samples of the populations that
received the cholera vaccine, tetanus toxoid, and
purified Ogawa antigen in 1964, we find the distri-
bution of agglutinating titres in Table 5. Again, the
cholera-vaccinated population has a higher propor-
tion with detectable agglutinating antibody than the
controls, in the apge-groups over 4 years. iIn the
group that received the purified Ogawa antigen,

FIG.8
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however, while agglutinating antibody against Ogawa
organisms was found more frequently in the 5-9-year
and 10-29-year age-groups, this was not so in the
over-3(-year age-group. In addition, agglutinating
antibody was much lcss lrequent in those receiving
the purified Ogawa antigen than in the cholera-
vaccinated population.

IFig. 5 shows the distribution of the vibriocidal
titres found in the 1964 cholera vaccine group as
compared with that for the controls, by age-group.
The titres against both Ogawa and Inaba organisms
are Iigher for the vaccinees than for the controls in
cvery age-group. Fig. 6 compares the disteibution
of the vibriocidal titres found in the population that
reccived the purified Ogawa antigen with that for

PERCENTAGE DISTRIBUTION OGAWA TITRES INABA TITRES
OF VIBRIOCIDAL TITRES
IN 1964 TRIAL POPULATION,
BY AGE-GROUP, VACCINE GROUP
(OGAWA ANTIGEN G’\RG(;EU-p KEY
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the controls. It may be seen that the vaccinated
population had only slightly higher titres, in both £2 |3 w o» v 0 .
the Ogawa and Inaba vibriocidal tests. $ |2518) 22288
The geometric mean vibriocidal titres summarized $ 'Eg S| -
in Table 6 and Fig. 7 again reveal the significant !g, &5 o
increase in titre in the vaccinated population as 23 E‘:‘: H 8|8
compared with the controis. In the population re- w |ag|{ IS = ° |
ceiving the purified Ogawa antigen, the mean vibrio- > 28 |. e [ m—
cidal titres were only slightly higher than in the 5 §§ " T
controls. The higher titres were scen in both the o152 (23 gl 8888|383
Ogawa and Inaba tests. This difference was signi- o |22 §§ = °© e e s (9
ficant only in the oldest nge-group. |3 |p8
The cholera cases occurring in these populations g : |22 3 w oS = 3|8
in the season preceding and following the scrological o - |&¢ gi p= § g 28 | &
survey had onsets between December 1964 and ©
June 1966, i.e., between 1 and 2f months after vac- z 0o o
cination, while the serological survey was conducted 8 z = ? § B 2, E
approximately 9-10 months after vaccination. Again, g 5 wf_;’ £ E- é = | a
the cases were predominantly Inaba cholera. Table 7 i -E £3 =& 22 (8
. and Fig. 8 present the cholera cases and case rates, 4 o |58~ - e
showing that over-all there was a 63% reduction in 5 : |5€], FEC 55 |8
the Inaba case rate in the vaccinated population as @ o % 3 O o ;
compared with the controls, while the Inaba case & |3 216 = g ; e | g
rate was reduced by only 23% in the population = 5 ~ T o M
receiving the purified Ogawa antigen. It is apparent , S ¢ iy .
that the purified Ogawa antigen had very little effect 9 3 zy 8 53R | g
in the age-groups below 10 years: on the other hand, < i B Tl | I -~
in the age-groups over 10 years, though the numbers & < ? w ST E |8
involved were small, the protection was similar to = 2l & & 3 @ ;95
that provided by the whole-cell cholera vaccine. g - gé - o 5 ; 5 g
The fall in incidence rate with age in the various z 2les|—ft—m .
vaccine-groups showed on the whole a close cor- . - E'-g © S8 SF |3
relation with the fall in the gecometric mean titre = g 9; z I ﬁ 3 § i
with age found in the scrological survey, as may be = K L] prai ol 6
seen from Fig. 9. With the purificd Ogawa antigen, - : 2 A %
there was only a slight reduction in the case rate as 5_ B T g
compared ' with the controls, particularly in the 8 29 &8 53 " |8 =}
youngest age-group; this agrces well with the fact E S — [V £
that there was only a slight increasc in the antibody S = ez 28 | g 5
titre. z Sl 23 3 51 & %
. . < Elw d 3355 g
The over-all relationship between the cholera case w oS | S et Ml 8
. e i . =z e |sw & 8 2 32 8 =
rates and the. gcometric mean vibriocidal titres in o £ 1Eg el R F]
both the 1963 and 1964 vaccine trials is summarized x g 82 - - F
in Fig. 10. This shows that there was a consistent E’ o [251% - E T3 E 5°
association between the increase in titre produced o 2| |8 ¢ g E =B £8
by cholera vaccination and the reduction in case © 51 8 © 2283 |8 28
rate, as illustrated by the near parallelism of the lines o - 23
for the two trials. Furthermore, in the 1964 trial, $3 § § 8 2 | = n3
where two different vaccines were used, the relative 2 i 23
effectiveness of the two vaccines in reducing the case 487 2 o "g i
rate agreed excellently with the relative increase in g@ﬁ I 243 " | g
the antibody titre produced by the two vaccines. oz . 2 A
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FiIG. 7

'.gGEOMETRIC MEAN VIBRIOCIDAL TITRES (WITH 95 % CONFIDENCE INTERVAL) IN 1964 TRIAL POPULATION,
-w‘ BY AGE-GROUP, VACCINE GROUP AND SEROTYPE
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TABLE 7
CHOLERA CASES AND CASE RATES PER 10000 PERSONS, DECEMBER 1864-JUNE 1966,
BY AGE AND VACCINATION STATUS DURING THE 1984 TRIAL
Age- Cholera vaccine Tetanus toxold Cgawa anligen
group : i
Rate Rate Rate
lyears) Cases per 10000 Cases per 10 000 Cases per 10 000
! Inaba cholera
4 0-4 B 52.8 25 1511 21 133.5
5-9 ] 33.5 17 94.8 14 80.9
10-29 3 1.5 7 26.6 4 15.0
= 30 2 8.2 4 15.8 1 4.0
Total 19 22.7 52 B61.5 40 473
QOgawa cholera
[} 1 6.5 3 18.9 1 6.4
5-1 0 - 1 50 1 58 '
10-23 0 -— )] —_ 0 -_—
= 30 0 — 1 39 0 —
Total 1 | 1.2 5 59 2 2.4
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200~ fFIG. 8
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DISCUSSION

These studies have shown that it is possible to
demonstrate the effect of a single injection of cholera
vaccine on the antibody titre [0 and 22 months afier
vaccination. This cffect is demonstrable over a rela-
tively high antibody base-linc in a population that
has had considerable exposure to cholera antigens
in the past. Of greater interest than the mere pre-
sence of detectable antibody response is the addi-
tional evidence supporting the relationship between
the level of antibody in the population and tevel of
protection against cholera. This relationship was

" first demonstrated for the control population of the

Matlab vaccine trials, where the fall in case rate with
age correlated with the rise in the gcometric mean
vibriocidal titre (Mosley ct al., 1968)."! While that
observation could have been due to a fortuitous
association of two variables independently related
to age, in this report it has been shown that, when
the mean antibody titre within any age-group was
increased by vaccination, the fall in casc rate cor-
responded quite well to the relative increcase in
antibody.

! Sce the paper on p. 327 of this issue.
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ot These studies indicate that in this population a
"doubling of the mean vibriocidal titre by active vac-
cination was associated with a 50%,-60%/ reduction
i in the cholera case rate. This observation, which
was made with two quite different types of vaccine,
suggests that the serological response in man may
be a useful measure of the protective potency of
cholera vaccines, for preliminary evaluations,

In this report, most of the discussion has dealt
with the vibriocidal antibody, since the vibriocidal
test is much more sensitive than the agglutinating
test. Also, tho tables and figures have specilically
related Inaba cholera' rates with Inaba antibody
tittes, In this population, as has generally been
observed in man, there was a corrclation between
he agglutinating and vibriocidal titres, as well as
kptween titres against Ogawa and Inaba organisms.
Thus, this study does not indicate which antibody
may be protective, or even whether protection is
type-specific. In fact, the evidence suggests that the
protection is not type-specific, since the purified
Ogawa antigen did indecd protect against Inaba
cholera, to an extent that paralleled the vibriocidal
titre against Iinaba organisms, which could represent
antibody against a * group " antigen.

The serological survey has raised some practical
points regarding vaccine evaluation in an endemic
cholera area. It is obvious that the population in
these trials, especially the adults, had a relatively
high level of immunity prior to the study. Thus, the
single injection of cholera vaccine used in these trials
can in fact be rcgarded as a booster dose for the
majority of the population. For this reason, it is
not possible to extrapolate the results directly to
predict the effect of a single injection of this cholera
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vaccine in a non-endemic arca. This can be seen by
examining the high cholera case rates in children,
cven in the vaccinated children, as compared with
the adults. This age-group would be more compar-
able with the completely susceptible population in
a non-endemic area. While it is evident that there

was a reduction in the cholera case rate in vaccinated

children as compared with the control children, the
protection given was much lower than that in adults,
It is of interest that in both of these triais all children
aged from 2 to 12 years received only one-half of
the ndult dose and the children aged under 2 yeurs
only one-fourth of the adult dose. Thus, the scgment
of the population with the least immunity received

the smallest amount of vaccine. This procedure for-

children may be unneccessary, since recent observa-
tions indicate that children have less reaction to
cholera vaccine than adults (Benenson, Joseph &
Oscasohn, 1968).

Now that the role of active immunization in the
prevention of cholera has been established and the
present study has suggested a relationship between
the level of circulating antibodies and protection
from cholera, the next steps in cholera-vaccine
development would seem to be a scarch for the pro-
fective antigens of the organism and a study of the
immunological response to thesc antigens in man,
In particular, the vaccine should be modified with
adjuvants and a study made of various immunization
schedules to determine how to produce in man, par-
ticularly in children, a uniformly high and persistent
scrological response, Ultimately, ficld trials would
still be required to establish that these procedures,
based on the serological response in man, actually
augmenied protection from discase.
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RESUMT:

Ce deuxiéme article expose ¢t analyse les résultats de
’enquéte sérologique menée au Pakistan oriental parmi
la population soumise 4 la vaccination anticholérigue et
{a population témoin.

Cctte enguéte a révélé qu'il élait possible de mettre ¢n
évidence 1'effet d’une injcction unigue de vaccin anti-
cholérigque sur la proportion de la population présentant
des anticorps agglutinants et vibriocides décelables 10 et
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22 mois aprés I'injection. D'une maniére encore plus
significative, on pourrait mettre en corrélation la protec-
tion conférée par le vaccin, entrainant une réduction du
taux d’incidence cholérique, et I'augmentation des titres
d’anticorps vibriocides qu’il détermine, ce qui amane A
penser que la réponse sérologique de '’homme au vacein
peut servir & mesurer son activité. Cette enquéte a aussi
permis de constater que, dans cette zone d'endémicité
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