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Abstract Summary

Although hypochlorhydria (HC) is & recognized risk factor
for severe cholera little i1s known about the relationship between
HC and the efficary of oral cholera vaccine nor about the
interaction between HC and other recognized risk factors in
modifying an individual's susceptibility to cholera. Iin this
study, which is linked to the ongoing field trial of oral cholera
vaccine in Matlab, we will pertorm two analyses. Firstly, using
the non—invasive magnesium breath hydrogen test to measure
gastric acidity, we will measure gastric acid output in
vaccinated individuals who became 1ill  with cholera and in
vaccimated individuals who did not contract cholera despite
intimate exposure to a family contact with cholera . This
comparison of vaccine "failures” with vaccine "successes" will
allow assessment of the role of HC in modifying vaccine efficacy,
and will, in conjunction with other data collected on these
individuals 1in the trial (nutritional status, ARO blocd type,
serological immunity, age, sex) enable us to construct a
multivariate assessment of factors, determining wvaccine success
or failure. A second analogous case control comparison will be
performed for unvaccinated subjects contracting cholera, or not
contracting cholera despite known exposure. This latter analysis
will enable a reascsessment of the role of HC as a risk factor
when considered in relation to other known risk factors.

REVIEWS:

{a)} Ethical Review Committee: —————=m—m e e
(b) Research Review COMmMitteg: = i oo o o o o e e e e e e e e

(C)  DAXECTOI: = oo e e e e e e e e e e



That gastric acidity plays & key role as & barrier against
cholera has been recognized since the late sixties (2,2,4,5,86).
Next to other risk factors like ABO blobd type, it is being
considered that hypochlorhydria predisposes to chelera
{(7,8,9,i0)Y. From the spring'of 198% onwards, the ICDDR,E bas
conducted a large scale field trial of the two new oral cholera
vaccines in ite Matlab field studies area (1,165. In this
population all childrén aged 2~lé vears and all non—pregnant
womers oOlder fthan 13 yvears living in Eelecﬁed partions of the
Matlab ¥yeld area receive either oral B-subunit/whole cell
(BS/WC) cholera vaccine, whole cell cholera vaccine (WC) or &
placebo preparation containing killed KiZ strain E c¢cpli in a
randomized, double-blind fashion. In this this popul ation we are
planning to carry ocut & nén~invasive study of gastric acidity by
means of the magnesium breath hydrogen test.

In this study, we would like to evaluate several issues not
previogusly considered,. Fi}gtly, does the increased
susceptibility to cholera rendered by hypochlorhydria reduce
natural barriers to a sufficient level that oral vaccination,
with resulting small intestinal immunity, is inadeguate to
protect against cholera? Secondly, among non—vaccinated
individuals, dopes hypochlorhydria contribute to the risk of
cholera of all grades of severity, or merely to the risk of
severe cholera 7 Moreover, how do other possible risk factors
+or chalera, such as ABO blood type, seraclogical immunity and

nutritional status medify the risk imposed by hypochlorhydria 7

fn
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(1) To elucidate the role of gastric acid as a modifier of
oral cholera vaccine efficacy and as a risk factor for
cholera.

(2 To evaluate interactions between gastric acid output

and such other risk factors +ar cholera es serologlcal
© wvibrigcidal aﬁd antitoxic antibody levels, ABO blood

type, and nutriticnal status in maodifying vaccine

efficacy and in altering the basic risk of cholera.

ic Alms

1. To compare gastric acid cutput, as assessed via a non-
invasive breath test, inm vaccinated "Ccases"”
chemonaet e oed  to F
demon=tr eted  to Fave acguicel clinical oto
"controls"  who were not infected with cholera despite
documented intimate exposure to a case of cholera.

2. To perform a multivariate assessment of contribution of
the following factaré to the prediction of cases and
controls, as defined im "1": gastric acid output, AREQD
blood type, nutritional status, vibriocidal and anti-
toric serological antibodies.

= To compare gastric acid output, assessed via a non-
invasive breath test, in 3 sets of non-vaccinated
"cases'~— one with chalera gravis, one with mild-

to-moderate clinlcal Ehaie"a, and one with asympltomatic

to-moderate clinical cholera, and onge with asymptomatic
infections—— with a control group consisting of non-
vaccinated individuals intimately exposed to a cholera

casz but not infected by the case.

vae B acoided coindaal cholera andd in o vacoina
Ler g and In vacoina

" chol
chol
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4, To perform a multivariate assessment of the
contribution of the risk factors noted in (23 to
differentiating each of the three case groups from the

control group described in (3).
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tement of

Our first hypothesis is thét "hypochlorhydria”, defined

-

as gastric acid output more than 2 5D below the standard,
contributes significantly to vaccine failures among persons

receiving & doses of oral E subunit-cholera (BS-WE) or whol e

cell enly (WC) cholera varcines.

We will +test this hypothesis wsing a case—-control
design. "Cases" will be individuals receiving I doses of
vaccine and developing clinical cholera > 7 days after the
third dose. "Controls"  will be individuals receiving 3
doses of vaccine, but not developing clinical cholera or
asymptomatic infection despite exposure to a family member
with cholera. Gastric acid output, as assessed with the
non—-invasive magnesium-hydrogen breath test, will then be
compared in the 2 groups, permitting an assessment of the
role of hypochlorhydria in producing vaccine faitlures.
Moreover , the interrelationship between gastric acid output
angd other cholera risk factors 1in predicting vaccine

failures will be examined.

-

Subjects will be eligible if they received 3 complete



doses of BS5-WC 5r WC oral choleras vaccine.
___________ Lazses
Cases .will be eligible persons developing “clinical™
cholera {defined as cholera infection associated witn at
least 3 loose stopls & day) and detected through £he
treatment centre or family study surveillance mechanisms of
the cholera vaccine trial. In the latter {(see Appendix},
family contacts of cholera cases detected in the treatment
centres are cultured and gueried aboqt symptoms daily for 7
consecutive days to detect mild and asymptomatic cases. We
expect that about 40 eligible cases will occur in the trial,
of which 35 will participate in the study.
Selection of
Controls will be eligible persons who are not  intected
with' cholera in the family studies. Four CDHt?OlE will be
selected for each case and matched by  age at exposure

L T -

within four brackets (2-3 years, 6—10 vears, 11-13 vears,

15 years), by the particular vaccine received, and by the time

since administration of the vaccine.

ASERE

sment of Gastric Agid Dutput (Appendix &)
The magnesium breath hydrogen test is a non invasive
method to determine the gastric acidity. This test is
extensively being used and %ppreciated as accurate and safe
both in animals and humans of all ages. Application of the.
device within the ICDDR,E has been cleared by both the
Ethical Review Committee and the Research Review Committee

(14) In brief, it basis is the reaction of magnesium with

gastric hydrochloric acid to release hydrogen gas that is



immediately absorbed into the bloodatream and then exhaled

by a&ir. Thus, low gastric acidity is reflected in hardly
any hydrogen production and so 00O irfcrease  1in  breath
hydrogen. Aafter informed consent the non absorbed and non

toric metallic magnesium (120 mg. orally in a single doss)}
will be given as a powder to overnight fasting individuals
half am  hour after gastric acid stimulant pentagastrin
administration (& ug./kg s.o0). The pentagastrin stimulation
test is a standard pruceﬁure in hospital setting carried out
wWithout medical supervision. Ferntagastrin elicits
reprpducible  gastric secrabory response comparable to those
induced by Rhistamin or betazol but offers several
advantages: it only requires a single subcutaneous or intra-
muscular injection and side—effects are usually minor  and
transiernt. ° These may include various gastrointestinal
phenomena such  as  nausea borborygmi{ and the uwurge ta
defecate and circulatory effects including flushing
tachycafdia, faintness and dizziness. Afllergic reactions
are rare. Bastric secretion begins within 10 minutes and
.such responses ocour within 20 minutes. The diagnustic dose
iz & ug/kg administered by subcutansous injection (13D
follection of exhaled hreath, bhelch and hydrogen measurement
take place by use of gas collection bagé and a gas-—
chromatograph . and correction wWill be made for eXxcess
hydrogen. During the experiment subjects are asked to
report  on any physicai discomfort. Data will be analvyzed

and cempared with the normal values (Z,11,12,172).
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T assuming a p value of L0085 (Z-tailed).

As part of the ongoing cholera vaccine trial acute
phase  hblood Specimené arg abtained from treatment centre
patients and from patients detected in the field. These
apecimens are evaluated for vibriocidal antibodies using the
microtechnique and +for anti-cholera toxin (CT) antibodies
with ELISA. The bloods are also typed for ABO antigens.
Elood obtained on Day 1 of the family studies are processed
in a similar fashion. Mutritional statws  (height énd
weight) data are cbiained at discharge for all -treatment
centre patients and on day #i  for  all family study

participants.

sample Size
Assuming that the 3I3Y prevalence of hypochlorhydria

seen itn  cholera gravis among non-—vaccineess increasss  to
S0% in vaccine failures, the above numbers of cases and
corntrols will detect a » 4-fold relative risk of vaccine
failures in hypochlorhydric individuals with » .9 power,’

Analysis
The basic analyvsis will #valuate the asscciation

between HC and wvaccine failures with odds ratios, which

approximate relative risks under the rare dissase

assumption. Separate analyvses will be performed by the type

of vaccine received and adjustment for potenrntial confounding
variables (2.g., age, antibody titres, ABDQ blopd type,

nutritional status? will be performed using logistic
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regression.

Tn evaluate the relative importance of several possible
determinants of vaccine failure, we will evaluate the five
factors —— acid output., ABO blood type, nutritional status,
paseline serum  vibriccidal antibody ti£re, and baseline
cerum anti-CT titre using the backwards stepwise eslimination
algorithm For logistic regression, taking case-control
status as the dependent variables. The logistic model will
also permit evaluation of interactions between risk factors.

Statement of hyppthesis

#

~

‘The secand _hypothesis is that hypochlorhydria may

.t .
increase the risk not only of cholera gravis but also  of
mild—moderate criclera and o¥f asymptomatic cholera

infectiaons, and that its effect may be modified by

additional risk factors for cholera.

Ganeral Approach

In this case—~control study, 2 groups of "cases" will be
chosen:

£ an unvaccinated érmup with cholera gravise

{severe dehydratian) identified from treatment centres.
b. an unvaccinated group of mild-moderate cholera
identified from treatment centres and from family étudies.
c. group of asymptomatic excretors of V. cholerae,
identified from Ffamily studies.
A single control group consisting of unvaccinated subjects

who did not develop cholera infections despite intimate

exposure ‘to a family with clinical chelera will alsc be
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selected. Gastric acid output will be ascertained for e=ach
group and values for gastric acid ouwtput in sach case group
will be compared with that for the conirol group to assess
the role of hypochlorhydria in elevating the riék of severe,
non—severe, and asymptomatic cholera. Moremvaf, the
interrelationships between gastric acid ocutput and other
putative cholera risk factors in increasing the three types
of cholera infections will be examined.

Generael Eligibility Reguirements

Subjects will be eligible if they received neither BS-WC

rnotr WC oral cholera vaccine.

A Group I: cholera gravis (N=28). This group wiil be
selected. from eligible persons diagnosed with cholera at a
treatment centre and having severe dehydration (WHO criterial.
E. Group Il: mild—moderate cholera (N=6D). Thie group
wlll consist of 2ligible subjects with diarrhoea (> 3 loose‘
motions/day? associated with cholera but with non-severe
dehydration. They will be selected from treatment centre
patients and family study participants.

C. Group I11: asymptomatic cholera (N=162). This group

bt not exhibiting diarrhoea as defined above. They will be

selected from family studies.

Selection of Controls

Controls will be eligible persons not infected by V.

choleras in the family studies. Because this group will be
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the contrel group for each of the three case groups, no
suitable matching strategy canm be used, and they will be

selected by simple random sampling.
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factors for cholera

Assuming & S4 rate of hypochlorhvydria in the control
group, the above samples of cases and controls will detect
with > .8 power (p < .05, Z-tailed) the following increaseq
relative risks of subjects with hypochlorhydria:

> or = to F-fold for asymptomatic choleras

= to S-fold for mild-moderate choleray
to ?—fold for cholera gravis.

g Q
Ty
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Analysis of the separate contribution of
hypochlorhydria to cholera risk and of the relationships of this
risk to that contributed by serological antibodies, ABO bloodtype

and nutritional status wili follow the procedures outlined in

section 1.9.

To maximize the vyield of scientific information Ffrom an
erpensive, large—-scale field trial, such the one currently in
progress at ICDDR,B, it 1{is desirable not only to determine
vaccine efficiacy, but also to assess determinants of wvaccine
failures so that {ututé vaccine development can proceed in a way

that accounts for biological barriers to effective vaccination.
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The present study will evaluate hypochlorhydria in the context of
onther possible reasons for vaccine failures, and will make use of
the enormous epidemioclogical "data bank” on cholera created by
the trial to reevamine hypochlorhydria as a risk factor for

cholera and its interrelationships with other risk factors.
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BUDGET SUMMARY
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International salaries
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Supplies and materials
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Interdepartmental service -
Total cperating cost (direct) = us
b

Administrative costs = us

Us Dollar
12480
66263

4000
4160
100

59350

Total = 146353

146353

45369

GRAND TOTAL = us s

191722
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Gastric acid as a modulating factor in aral cholera vaccine
efficacy and its relative risk for cholera.

You have been a participant in the aral cholera vaccine
trial, conducted in the Matlab field arez of the International
Centre for Diarrhoeal Disease Research, Bangl adesh.

For better understanding of the role of gastric acid in the
effectiveness of the vaccine, vou are requested to volunteer in a
linked study that will measure vour gastric acid production.

If you agree, you will be hospitalised overnight in a fasting
state. Early in +the morning you will get an injection of
pentagastrin under the skin to stimulate the acid output and
half an hour later you will get some magnesium to drink. Then
vou  will he asked to breath into a collectiion bag. We don't
expect any harm of the procedure.

Ferntagastrin may cause a slight transient abdominal
discomfort 10 minutes after injection as well as an uwrge to
defaecate and dizziness, but it is routinely used in gastric acid
measurement . )

Magnesium has been reported not to have any side effect in
this dosage that is lower than the daily reguirement.

The breath test is largely used as a common diagnostic.

Your hospitalisation will be free of costs, as well as your
. transport to end from the centre. You are free to withdraw from
the research at any time.

You may realise that the procedure in this stage serves just
a research purpose and iz not beneficial for you individually but
may help to improve the vaccine development that will favour
large populations.

Flease place vyour signature below if the procedure has
clearly been explained to yvou and you have agreed to Jjoin the
study.



Signatﬁre of the Subject
or Guardian
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APPENDIX 1

Minimal Morbidity List

Description

Fever with skin eruptions
Fever with neck rigidity,
voniting, skin rash

High fever, intermittent, with
chills and prostration’

Fever, unqualified
Yellow skin, yellow whites of eyes

Skin sores and ulcerations,
unqualified

Diarrhoea and vomiting, massive
dehydration, watery stools

Diarrhoea, abdominal pain, mucopurulent

and bloody .stools

Diarrhoea, unqualified

Abdominal pain, rigidity of abdominal
wall

Other azbdominal apin or swelling
Chronic cough with loss of weight,
blood in sputum, slight fever
Acute cough, fever, chest pain,

shortness of breath

Nose and throat discomfort, watery
discharge, cough, fever

Breathing difficulty, shortness of
breath, chest pain, swollen ankles

Detailed

List No.

01¢-012

024

030, 031

039

046

064
069

070

071, 072

080, 081

g82

000

100

Possible
Diaggosis

Measles, Chickenpox,
Smallpoex
Meningitis

Malaria

Jaumdice

Cholera
Amoebic dysentery

Acute ‘abdomen

Tuberculosis

Preumonia

’

Common cold, Upper
respiratory infection

Heart disease



