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Abstract Summary:

Thia study, being a logical continustion of our pilot study {81~001P),

is designed to give further information on the presence iﬁ‘faecai E. coli
str;ins'of different colonization factors as weil'as their production.

of enterotoxin. We will use fresh isolates from hospital patients as
well as stocked strains from the surveillance study. The prevalence of
toxin production and CFA will be‘evalua:ed versus the climical fea;uzes

of tﬁ@ patients, including their capacity to produce systemic and local

antibodies to these bactexial antigens.
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SECTION IL ~ RESEARCH PLAN
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INTRODUCTION

Objectives:

To study various B. coli strains for the presence of colonization °
factors (CFA) and their relation to toxin production snd clinfcal picture.
Te study serum and salivary antibodies to LT, ST and CPA in patients

with diarrhoea caused by ETEC.

Background Informationt

ETEC diarrhoea

In developing countries the:incidence of diarrhoea caused by entero-
toxigenic E. coli (ETEC) is highest in chi%?ren under two years of age.
ﬁnmunity'is later acq#irad and the disease ié generally rare in adult

life.

The clinical illnese caused by ETEC is largely the same-vwhather the

‘strains produce one or both of the enterotoxins, and ranges from mild

diarrhoea to a severe cholera-like digease.

Mayrson et al ( 1) in the eutumm 1976 studied patient§ admitted to the
CRL Hospital in Dacca. ETEC was the only p?thogen isolgted in 54X of
the 176 cases. Out of them 65% were LT/ST, 32% ST and 3% LT only.
Later serotyping revealed that 86% of the LT/ST strains belonged to omne

of four O sercgroups ( 2 ).

Thuge results were confirmed in a village based study from Matlab in
i9F-78 (.3 ) where ETEC were the most frequently identified pathogens.
Episodes of rratavirus diarrhoea, however, more often resulted in severe

dehydration.
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in their surveillance for ETEC in Matlab Hospital between February 1977

and January 1978, Black et al ( 4) identified the cause of diarrhoea
in 85 per cent of all persons coming to the hospital. ETEC were very

common in infants as well as in adulta (estimated frequency = 25%) .

Expressed in another way the anidenge of E. coli diarrhoea wae 8.1

per 1000 persons compared with 3.7 for cholers. ST strains were most
frequently found {incidence 4.2) followed by STILT (2.7 ) and LT ( 1.2
crmrm—————n" Y

straine. Many enterotoxigenic E. coli, esp. ST/LT, were found to belong

to relatively few serotypes.

Enterotoxins

To -date only two well<recognized enterotoxins are inown to be produced -
by E. coli, although others are suapected. These two éptetotoxins,one
heat-labile (LT) and the other heat-stable (ST)?have been purified and
their mechaniems of action have been well characterized. Both enterotéxins
are known to be genetically controlled by DNA residing in transferable
plasmids (13). ETEC strainsﬁawéver;vlryin their ability'to ﬁarbor‘the
plasmids over long intervals: after storage and multiple transfere some

strains lose their plagmids and thus the ability to produce enterotoxins

Colonization factors

Bacterial surface structures characteristic of ETEC were first deacribed

in animal strains and sre likewise plasmid-médiated. These fimbriae were
shown to 2id in colonization of the amall intestine and subsequent
production of disease. They are easily recognized by their ability to

cause masnnoge~resistent haemagglutination (HA) of certein erythrocytes:
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More recently amalogous colopization factors have heen identified ia —
human etraiss of ETEC, and these have been designated CFA/I and CFA/IY
(5 5. These factors are aiao‘plasmid-mediated ané‘bingle plgamidi
have been identified that carry geoes for bbth CFA/I and ST ( 6 ).
Originally it was thought that CFA were present ic the majority of EIEC
strains of human origin, but it now appearé t&at they are'§igh1y
asaoéiated with certain serotypes (CFA/L with 078:H11 and 12, CFA/IL

with 06:H16), and thus their frequency depends wainly on the serotypesi

isolated. It is also now clear that these recognized colonization factors

are not prerequisites of virulence, since 3tr§ins not possessing them can
cause diarrhoea in volunteers { 7 ). Therefore, it seems almost cartain.

that additional colonization factors from human atrainh wiil be identified.

EvanQ‘EE;Eg_( S ) reported that 25/29 (aéz) straing from txaveilars
diarrhoea in Mexico possessed CFA/I. In contrast Gross et al (8 )
examined 89 ETEC pathogens and found that < 10X reacted with‘an;ibﬁdy

to CPA/I. Levine et al in a recent study ( 7 ) of ETEC strains used

in voluntecr challenge studies, reported that ;ut of eight astrains causing

disrrhoes onﬂy two produced CFA. Eé guggested that many strains had loet

their CPA plasmide prior to the time of testing.

. At Dr. Bernard Rowe's laboratory 1000 ETEC strains have been tested.

They were brought there from Dacca\by Dr. M. Merson. According to
personsl communication, 40% of these strains had CPA/I, CFA/IL or

“CPA/IIL1". CPA/11l agglutinate as CFA/I but do not give idenmtical

izpmunodiffusion. -

x



ETEC immunity

Natural imeunity to ETEC infection occurs as persons remgin at high

‘risk for infection. An inverse relatiomship wes found betwsen geometric

mean sexum sntibody titers to LT and the occurence of diarrhoes due to
LT-producing E. coli (/ 9 }. DeterminedbyRLISA the titers of IgG anti-—.
toxin antibodfes declined from birth to three months and rose thereaftex

to three years of age.

In earlier studies it has mot been possible to obtain antisera protecting
animals against challenge with ST ( 10 ) and it was supposed that ST' was
non-antigenic. Takeda et al however, have been able to immunize rabbits

with purified ST and found that at & dilution of 1/4 the sera of immune

rabbits will neutralize 2 mouse units of purified ST (personal communication).

Imaunity in BYEC ianfection may not only be of antitoxic character.Latin
American students rarely excrete the organism in stool ssymptomatically,
in contrast to the common finding of asymptomatic excretion of ETEC in

stool of US students ( 11 }.

These data suggest that an antibacterial immunity is operative. This could
be represented by intestinal antibodies to somatic emtigens, colonization
factors etc. CFA antisera neutralize the colonization potentisl of human

ETEC posseasing the respective eantigen as tested in an infant rabbit model.

The WHO Scientific Working Group on Immmity and Vaccine Developmeat (WHO/
DDG/78.2) felt that more research was needed to develop tools to "atséy

anti*bodies to various colonization factors..... ihey‘vﬁuld also inlcude
improved aésay of antibodies to enterotoxins and their subunits... Simple

assays for such antibodies in serum as well as intestinal fluid are needed

so that sero-epidemiological studies can De carried out."
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?raliminary atudies

in so attewpt to snalyze the prevaleace of CPa in Baugladesh, & lipdred
protocol (B1-0O0LF) vas developed not knowing that & similar; but nuch larger,
study was undertaken in UK. ve specifically wanted to see if examiaation

of m isolates yei.lded atu.sher nunher of CFA and enterotoxin—poaicive
strains. Another aim was to. gpecify "nev" s:olamzar.mn factors by using an
extended haemagglutipation system. Thirdly we found it importsnt to devalop

‘an 3 1 3 N
laboratory methods in/area where the incidence of ETEC is highest in the world.

So £ar we have analyzed fresh semples from 91 patcients in the surveillance
study and 31 hospital patients (dark—field and cholera~culture negative and
with a clinical picture not suggesting dysentery). 20~30 smplola from

-

family contacts in the caupylobacter study have also been stu dxed.

Three. separate colonies plue a pool of 10 colonies are exanined without further
subculturing sd storage. As 'aeeé in Table I, 45% in the patient group have
either CFA/I or CFA/II compared with 22% of the surveillance subjects. In
both groups, W% of ent " gtrains have CFA/I, CFAIII Or an hm‘sin not yet

defined. Thie figure is almeet double that given by Drs. lvierson and Rowe.

L'E!ST producing strains usually have CFA. but the LT only and ST anly

strains are more often without CFA Table 2 . In the surveillance group

we have tried tc randomize by age.

"Isolates,stocked on sagar slants for 3~4 months, when retested for CFA

showed identical reactions regarding degree of haemagglutivation. .Thus
no major loss of CFA scemed to take place over that time. Kt muat be
remembered, however, that the original isolafea never were repeaatedly

aubcultured which may have a more devastating effect on the plasmids.
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TABLE T ’

Production of Enterotoxins and CFA

Surveillance Patients
n =91 a =31
ent’, CPA/T 10 11
ent’, CFA/I? 1
ent , CFA/L
ent , CFA/I?
ent’, CPA/II
ent , CFA/IL
ent’, adhesin unknown
ent , aihgsin unknown
ent’, adhesin negative 6 7
" ent ., pdhaain negative 48 . 8
ent , type 1 pili 12
ent’ : ST, LT or ST/LT
CPA/I : agglutioation with specific antiserum
CRAMT? i typical hecmaggiutxnatlou pattern but no
agglutination with specific antxserum
adhesin upknown : haemagglutination pattern not consistent

. with CFAI or 11 and negative in both antisera

_ adhesin negative : no haemagsluc1natxon at all in any of

the six systems used

-
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TABLE 2

" Production of LT/ST and CFA in
Relatiea to Age ‘of the Patisnt

A, Sucveiliamce 243725 - 255825
256050 - 262075

<i 12 2-6 7-15 >3
LT+ NoCFA 2 L 1 . 1
ST+ CPA 1} 2
NoCFA 2 3 1
LT+/ST+ - CFA 3 3 [ 2 2
NoCFA 1
NowETEC  CFA: 4 3 ' 1

NoCFA 19 19 17 8 10

¥axcept type 1 - pili

B. Patients 252582 - 259377 (inclusive of SB 127-131)

a 12 26 7-15 315
LT+ NoCFA 1
ST+ " CPA 1 1 2
NoCFA :
LT+/ST+ CFA 1 10
- HoCFA , 2
“NonETEC CFA : 1

NoCFA 2 3 2
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2.6. Overall desigp of proposed study

This study has two parts; one involving patients,one working with

bacterial strains slready im stock on agar slants.

2.6.1 We will expand the CFA studies described in 2.5, Especially the groups
of hospital patients and non-diarrhoesl subjects must be enlarged in order
to allow comparisions betwsen the groupe. ¥For that part fresh stool sawples

only are needed.

2.6.2 In order to study the immupe response to ETEC diarrhoea the following
considerations ate‘;ude:
In our laboratory we have experience of assaying antibodies im different
body £iuide to cholera toxin, closely related to LT. Ix collaboration with
Dx. BEvans, Eouscoﬁ, Texas, we mey be ah}e to de:ermi;h levels of antibéide#
to C?Allfinﬁ CFA/II with ELISA. Dr. Takeda, finally, ie interested to
measure antibodies to ST wiﬁh the teet described ( 2.4. ).
To evaluate the effiéacy of these tests, we will use acute and convilescent
gera from 1the_patients vhere stool apecimens‘already-aié-analyzed for (FA

and ‘ST/LT pro@uctiqn (2.6.1.). We will also take paired samples of saliva

to see whether a local immune reaponge can be confirmed that way.

2.6.3 The haamagglutinatiun pattern seems to be relatively stable over acouple
of months (2.5). It also turms out that itjis above all the enterotoxin
producing gf coli strains which have mannose~resistent adhesins oﬁ their
surface. .Against that background, we will étudf toxf strning from ithe
surveillance study: 100 LT, 100 ST and 100 B!IéT from 1980. They will

alao be randomizeh by age of the patient.
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Their pattern of hsemagglutlnsticn and their réautiun with specific CFA
ant;seta will be determined as well as their nerotype (1n collaborat;on with
Dr. guakov,. International Escharxchia,and Elebsiella® Centre, ' penhagen).
These data will then be matched with the information we alregdy have on the

patient and his clinical picture.

3. Rdtionale:
‘The predeminance of rotavirus and entdraéoxigenic E. coli as causes of
life threatening diarrhoea suggeste that priority for vaccine development

should be given to these two pathogens.

3.1. Regarding ETEC, characterization of their virulence properties will
indicate the appropriate antigens thar may eventually be included in
future vaceine strains. The enterotoxins are now well defined and assays
are availiﬁle which ~ some of them = can be performed in lsboratories of

. a developing ccuncry.

So £an only a few laboratories in the wvorld are capable of pcrformins
characterxzatxon of BTEC by their colonizatxnu factora. Thele factors
, nmw be even mere importent for virulence, as impunity. ﬁﬂllto be anti-
bacterial rather than antitoxic. ' Thus the prevalence of CPA in countries .
_ where diarrhoea is common must be known before a rational selection of

candidater £ar development of new vaccines is made ( 12 ).

3.2. Another way. to get Lnfornation&nx:he relative 1mportanec of the differenc
bacterial somatic structures and extra-caflular products is to evaluate
their re&pactive pnpaqity'to induce an immune response, in serum az well

‘as on the mucosal surface.
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B. SPECIFIC AIMS

»

1. To study the distriﬁution of colonization factors in E. coli causiung
diarrhoea from the Dacca. area.

2. To specify "new" coloniration factors py uging an extended 3
haemasgglutination eystem, |

3. To correlate the presence of toxin and CFA with serotype and clinigal
features.

4., To determine the local and systemic immune response to CFA and

enterotoxin (LT as well as ST).

"~ C. METHODS QF PROCEDURE

. 1. STRAINS

The study will deal with two sources of E. coli strains:

1.1. Fresh isolates fvom

1.1.1 hospital patients (n=30~50) with moderate severe ﬁgtery diarrhoea
of 36 hours duration, darkfield and cholera culture negative and

: ‘

with a ¢linical picture not suggesting dysentery.

1.1.2’ family contacts in thé campylobacter study with no diarrhoea
during the last few weeks (="negative controls™)

1.2 300 strains-stocked on agar élants - from the surveillance study,
already tested for LT- and ST~ production.

2, SUBJECTS see C 1.1.1.
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3. CLINICAL. SPECIMENS

3.1 Stool One sample will be cbtained 28 ecarly as posaible and sent for culture.
1f culture is negative for cholera, salmnﬁella and shigelle, 3 single §;ggli
colonies plus a pool from the McComkey plate will be further acalyzed (A.i}.

3.2 Serum will be separated from higod samples. Fingerstick blood samples
(volume'ZOO‘pl) will be taken from children (<15 years) and vengpuncture
blood samples (volume 5 cc) will be taken from adults. Two samples will
be taken ~ the first at the same time a8 ﬁhe stool sample is delivered, the
cecond 14 days)later.

3.3 Saliva will be collected twice: at the same time as the serum samples.
The subject is asked ‘to chew on parafilm for a few minutes while the saliva

-

is put in a fecal cup.

4. LABORATORY INVESTIGATIONS

4.1 The fresh isolates will - without further storing and repeated sub-culturing
bé tested for

1. LT production - GM;~ELISA
- {#H0~cell

2. ST - production - infant mouse 8588y
3. CFA - haemagglutination
The surveillance strains will be tested for CFA ouly.
4.2 Jdentification of colonization factors with haemggiutinatiou
4.2.1 Media

Igolates are cultivated on CPA~agar (18 hrs, 3700)

17 casamino acids - :

0.15% yeast extract Solve io Hz0,
0.005% HgS0¢, autociave and pour
0.0005%  MnCly in Petri dishes

2% agar . )

Isolates are also cultivated on ordinary bleod agar plates
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4.2.3,

4.2.4

4.3.

4.3.1

4.3.2.

Haemagglutination (HA)

HA is performed in blood with or without 1% msnmnoge added. 15 pl of
bloodauspension (+4°¢) is put on a glass slide. Colonies of the bacteria
to study are harvested and carefully mixzed in saline on the slide with

the erythrocyte suspension. If positive: "rrue' agglutinates.(different

from what is seen with the bacteria in salipne) should have been performed.

From each patient I colonies and a pool will be testad.

Pogitive BA is graded O,+,++ and +++.

Erythrocytes

We are using a battery of erythrocytes:

Human A, Bovine, Chicken, Goat, Rat aud Guiaeapié. -ﬁlood is collec;ed
once weekly in heparinized tubes:. The erythrocytes are spinned down and
washed 3~4 times in PBS. The cells sre then diluted in saline to 3%
final concentrstion with or without 1% manuose added. Erythrocytes

ghould befresh: not kept lomger than 4-5 days (at +¢°¢).

Agglutination
Yor confirmation, haemagglutinating strains are agglutinated with antisera
specific to CPA/I and CFA/IT (produced by Drs. Sveumnerholm and Ahren). - .

Serology

Antibodies to LT will be determined with the ELISA. Serum specimen will
be analyzed for specific IgA as well as 1gG-antibeodies, saliva only fox

gpecific IgA.

The test for ST antibody will be performed by Dr. Takeda in his labofa:ory

io Osaka, Japan. If useful, this technique will be set up at 1CDDR,B in

-

the future.
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&.,3.3. Purified CFA/I amd CFA/II is availsble through collaboration with Dr. Evans.

Her method (ELISA) for determination of antibedies to- thesa antigens will
/

"be set up~in our laboratory. .

SICNIFICANCE

This study will extend our knowledge on the frequency of various coloniza~

~ tion factors im E.coli strains causing diarrhoea in Bangladesh. If these

+

antigens are proven to be responsible for the colonization, they may have
an important role as a component in a combined vaccine to prevent humsﬁ
diarrhoea due to ETEC.

The relation between the virulence factors known so far (ST- and LT~
enterotoxin, CFA), the clinical picture in different age groups and the -
immme-response will also be inves:igated.. Is ST—diaréiéea more severe in

infant when CFA is present? Are there mucosal (=galivary) antibodies to

CFA? Age differences? Can antibodies to ST be demonatrated?.

FACILIYTIES REQUIRED

Patients will be treated in the TC or in the hospital depénding on the
sevetity'of their diarrhoea. | o

& field wotgef has to accom@ény them to their home, in order te be able to
return later for taking serum - and saliva samples.

Lab'or@t:ory specimens will be handled by t;he Immunclogy and Microbiology
laboratories. No new facilities sre required.

COLLABORATIVE ARRANGEMENTS

1. -Dolores G. Evans, The University of Texas Medical School at Houston,
Texas, USA

2. 1Ida and Pritz @rskov, statens Serum;nstltut, Copenhagen, Denmark

3. Yoshifumi Takeda, Research Inatztute for M;ctoblal Diseasea,
Osaka Unlversxty, Japan
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6.

1.

8.

ABSTRACT SUMMARY - N

The population to be astudied includes'patienta coming t6 the
hospital with d1ar'hoea, presumably csused by ETBC. Bven youns'

infants will be involved as ETEC diarrhoea is very common in that’

age group.

The rxaks are minimal. Flngerstxck blood semples (volume 200 ul)
will be taken from children (<15 yeara) and vanﬂpuncture biocod samples
{volume 5Icc) will be taken from adults. -
See para 2._ .
Research records are kept in a locked ftlxng cabznet in the investi~
gators office, Samples and records 9111 be identified by code pusher .
Signed informed consent will be- obtained, if applicable from the parents.

Ko interview.

The individual will befefit from the treatment of his illness snd

from the check-up after 2~3 weeks by a fieldworker. The society will '
benefit by the developmant of a successful vaccine to E, coli diarrhoes.

The research will use medical recoxds, blood, stool and saliva.
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SECTION 1II - BUDGET
A. DETAILED BUDGET

1. Personnel Services:

AnanL

Effort “Time - Salary Taka Dollaxs
L. Gothefors 20% 3 months 40,000 - 2,000
B, Stoll ot 6 ‘montha 1,000
L. Hug - 5 No Cost
Pield worker 4 months 8,000 -
Lab gtaff
Microbiology 100% 5 wonths 18,000 -
Immunology - one for 5 mounths _
two -for 2 monihs 24,000
r ‘ Sub Total : 50,000 - 3,000
2. Supplies and Matgrials (
Plastics, glassware (plates, pipette tips, tubes) - 2,000
Reagents (antisera, conjugates, enzyme) - 1,000
100 ST-test . - 600 -
100 LT-test (CHO-cell) 2,000 -
100 Li-test (@4, ELISA) 1,500 -
Blood for BA (Tk.50/week) 1,500 -
3. Equipment : ‘ Sub Totazl ¢ 5,600 3,000
‘3‘“§"‘" - —_—

=
*

Hospitalization costs
g

5. Qutpatient care
0




4

8.

ir.

ICDDR,B Lransport

14 ~

7.5 miles x 2 x 2 per patient
: 8¢ patients « 2,400 miles

?ravel

+u

Sub Totral

One round-tiip ticket {to see the

;allaborative laboratives)

Transport of things

Rent, communication
¢

Printing

Forms, stencil, xerox

Publication costs

Contractusl service
o :
Construction
g

. Sub Total

Samples to Japan and Europe

Sub Total

L1

Sub Total

Ll

Grand Total

AN

Or US Dollars ~ 12,540.00

( 16 Taks = 1 US Dollar)

Taka Dollar
A’wo- -
4,800 "o
- 2’00@
o 2,000
- 400
0 400
1'000 -
- 300
1,000 300
61,400 8, 700



2.
3.
4.

8'

9.

10. -

il.

i2.

20

—
5, BUDGET SUMMARY
ﬁs-nollar
Pe;soﬁﬁel Services ‘ . $,127.90
Supplies and Materials i : 3,350.00
Equipment . . ' - -
Hoapitaiizstion coBts L -
Qutpatient care : -
ICDDR,B Tranaport _ ’ 300.00
Ttavel‘ 2,000.60
. Transport of things -400.00
Rént, commiicaii&n “ _ -
Printingﬂ | : 363.00
'ant:&ctﬁal service ' : ' -
Construction ' - -

qotal US $ ¢ 12,549.00



{cra)

FERMISSI0S FORM - STUDY OF ANTIBODY RESPONSE TO EKIBBQTOEIGSNIC E.COLI

The Intermational Centre for Diarrhoeal Disease Rasearch;‘nansladegh

is carrying out research in order to £ind & vaccine to diarrhbaa caused
" by E. celi. We are trying to undaratand whick factors in the bacteria
. are important in causing diseass, We would like you to participate in
this study. If you decide to participate, you can expect the following:

1. We will collect one sample of stool. ‘ ' g

-

4. We will also take two samples of saliva and blood: the first during
your stay in hoapital. the second 2 weeks later when a field worker
will vigit’ your house.

3. None of the tests are harmful to your health. Blood draw;ng - £xnset .
stick for children, venepuncture for adults —- is enly samgvhgt
uncomfortable. ‘

4. You do not have to join the study. If you decide not to joim, you
+ill still be elligible for care at ICDDR,B. You may also decide to
withdraw after entering the study snd this will not affect any medical
care you might receive now or later om. - ‘

5. Your medical records will be kept confidential.

\

If you decide to join the study, please sign here -

. Patient or Guardian

Investigatox
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