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TOTAL
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AIMS

Gener

‘pathogenic strains of Entamoeba
histolytica for use in clinical and
epidemiological studies in Bangladesh.

ING DATE When.the money is available

OF COMPLETION Three years after start
BUDGET |, Uss 116,872
HG SQURCE

al aim

Speci

E.histolytica as a cause of dysentery in Bangladesh.

To establish the significance of Entamoeba h1sto1yt1ca as a
cause of dysentery in Bangladesh,

fic_aim

To establish technigues of isoenzyme electrophoresis to
distinguish between pathogenic and non-pathogenic strains of
E.histolytica isolated in Bangladesh,

To compare the resutts of iscenzyme electrophoresis with an
immunodiagnostic test using a monoclonal antibody which is
ciaimed to distinguish between pathogenic and non- pathogen1c
strains.

To use these techniques in epidemiological studies of

To establish the carriage rate of pathogenic and non-
pathégenic zymodemes in Bangladesh.
To establish serological tests to diagnose amoebiasis

~and to study the processes of disease.

To use these techniques to assist in clinical stud1es of
dysentery at the ICDDR B.

This research will contribute to know1edge about the
rote of E.histolvytica as a cause of disease in
Bangladesh.

1
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eTHICAL IMPLICATIONS .-
There are no aspects of this research which are harmful to

humans.

BACKGROUND oL

Entamoeba_histolytica is the cause of amcebic dysentery, a
disease caused when organisms invade the gut wall. Serijous

complications may arise when amoebae are washed in the blood
stream to internal sites "such as the liver, -where they may.cause
potentially 1ethal abscesses.

dwfferent strains of the species. These strains are
indistinguishable on the basis of their microscopical appearance
but they can be distinguished by the electrophoresis of enzymes
extracted from lysed organisms, The strains identified by this
technique are called "zymodemes", populations of organisms
differing from other populations of the same species by the

electrophoretic mobility of different molecular forms of the éame o

enzymes, called-"isoenzymes”.. Four enzymes are used to
distinguish between species of amoebae and between ‘strains of
E.histolytica: hexokinase, malate enzyme, glucose phosphate
isomerase and phosphoglucomutase (Sargeaunt,  1987a,b).

+

Several zymodemes of Entamoeba histolytica are strongly
associated with the ability te cause disease: these strains can
invade tissues, consume erythrocytes and produce abscesses. 1In
contrast, the remaining zymcdemes are not associated with disease
and appear to live as non-invasive commensals of the intestinal
jumen. There is a recent report of a non-pathogenic strain which’
changed in vitro to become pathogenic (Mirelman, 1987), but
whether this can occur in_vive is unknown and reguires '
investigation. Man is the only know host of E.histolytica.

The current state of knowledge and copinion about . .
E.histolytica in Bangladesh can be introduced from two different
perspectives, one parasitological and the other medical, and both
reveal fundamental and important deficiencies in know]edge

As an intestinal parasitic infection E.histolytica appears
to be fairly _common in Bangladesh, but there are few recent
surveys which give data which is parasitologically credible, so
two sources of information from research within the ICDDR,B
during 1988 will be cited. First, the prevalence of
E.histolvtica among 1,820 stum-dwellers of all ages in Dhaka-was
found to be 7.7% (Hall, unpublished observations). _Secondly,
cysts or trophozoites of E.histolytica were found in 352 (1.8%)
of 19,528 faecal samples examined in the Clinical Pathotlogy
Laboratory of the ICDDR,B during 1988. Of the 289 stools in
which trophozo1tes wera seen, 75 contained trophozoites with
ingested red blood corpusc]es indicating that they were
pathogen1c strains. .




There are no reports of the zymodemes of Entamoeba
histolytica present in Bangladesh and so there is no information
about the prevalence of pathogenic strains. The only evidence is
indirect. A study of sera collected in Matlab, Bangladesh
concluded  that 80% of 200 healthy villagers had antibodies to
Entamoeba _histolytica by the age of 14 years (Hossain et al.
1983). These figures are dubiously high when compared with )
figures from a serological.survey of 20,000 people conducted in
‘Mexico, a country in which amoebi¢ dysentery “is commonty-
-diagnosed: antibodies to E.histolytica were found in only 6% of
the Mexican sample (cited by Sepulveda & Martinez-Palomo, 1985).

The distribution of pathogenic zymodemes of E. histolytica
has been shown to vary from country to country and reports from
India indicate asymptomatic cyst passers are common in the sub-
continent (Nanda et _al., 1984). Nevertheless amoebiasis — as
opposed to asymptomatic infections — does occur in Bangladesh
and a series of 22 post mortems conducted on people who were
suspected to have died due to amoebic dysentery at the ICDDOR,B
found characteristic lesions of the intestinal wall,-but no
abscesses on internal organs {Wanke et al., 1988). A series of
140. autopsies also conducted at the ICDDR,B found that amoebic
colitis was an underlying cause of death in 13% of cases (Butier
et al., 1987). Although E.histolytica may be diagnosed less
commonly in patients at an urban diarrhoeal diseases hospital
(1.8%) than in people living in an urban slum*(7.7%), it appears
to be strongly associated with deaths in hospital.

It appears to be widely perceived by physicians in rural
Bangladesh that amoebiasis is common. A survey of allopathic
drugs prescribed for 198 rural children with diarrhoea showed
that metronidazole was the most commonly prescribed drug which
could be identified from tablets still in the household
(Ronsmans, unpublished data). Furthermore, of 150 physicians
asked what drug they would give to a 2 year old child with
dysentery, metronidazole was prescribed by 71. Metronidazole is
a toxic drug which is effective against many species of anaerobic
.bacteria and against intestinal protozoa, but has no significant
effect on species of Shigella '

The apparent preference of physicians in Bangladesh to. treat
dysentery with metronidazole should also be seen in the light of
the fact that shigellosis is undoubtedly common in Bangladesh: in
1988.5higella was isolated from 16% of stool samples tested by
the ICDDR,B in Dhaka, from 17% in Matlab and from 45% in Teknaf
{ICDDR,B, 1989), Furthermore in a microbiological and
parasitological survey of 101 people who <laimed to have
dysentery in northern Bangladesh, nobody was found to be infected
with E. histolytica while 50% wete infected with Shigella
(Ronsmans et _al., 1988), This raises the first point to be
addressed by this research: that there is a need for information
about the relative prevalence of amoebic and bacillary dysentery
in Bangladesh so that the probability of prescribing an effective
drug on the basis of symptoms alone' is as high as possible.
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But simply diagnosing E.histolytica is not sufficient, either in
cases of dysentery or in asymptomatic infections, because it will
be necessary to distinguish between pathogenic and non-pathogenic
zymodemes. In cases of dysentery, if a pathogenic zymodeme is
detected, a diagnosis of amoebic dysentery can-be made; if a .
non-pathogenic zymodeme is detected in a patient with dysentery - --
then some other cause must be sought. This may occur because-if.
the prevalence of E.histolytica is taken to be-10%. then it is
1ikely that 10% of people infected with Shigella will be infected
with both organisms, as will 10% of people who have non- Shigella
dysentery. So distinguishing between zymodemes will be an
important part of estimating the role of E. h1sto1yt1ca as a cause
of dysentery in Bangladesh.

It will also be important to estimate the carriage rate of-
pathogenic zymodemes among asymptomatic people. .Although jt-can
be argued that all infections with E.histolytica should be
treated, it is perhaps better to take 'such a decision on - the
basie of . relative risks: the risk of amoebiasis if pathogenic
strains of E. h1sto1yt1ca are uncommon, the risk of reinfection
after treatment, and the risk of toxic side effects of
metronidazole. For example, it is now practice in the UK not to
treat infections with E. histolytica in homosexuals because
infections with zymodemes associated with invasiveness are rare
and the chance of reinfection among homosexuals is high
(Goldmeier et al., 1986).

+

In order to provide information about the relative
impcrtance of bacillary and amoebic dysentery and about the
preva1ence of pathogenic strains of E.histoclytica, it will be
necessary to undertake epidemiological surveys in several
settings. Ideally such surveys should be conducted in both urban
and rural areas, and in both hospitals and the community. People
of all ages should be studied. The methods to undertake such
research are well established and are available within the
ICDDR,B. !

. Entamoeba histolytica and other amoebjic infections of man can
be isolated and easily grown in_vitro by inoculating fresh faeces
directly into a simple culture medium (Robinson, 1968). These
primary cultures are grown with Escherichia coli-and can usually
be used within a few days for iscenzyme electrophoresis both to
confirm the diagnosis of a species of amoeba. made by microscopy,
and to distinguish between zymodemes. Entamoeba histolytica has.
been established in Robinson’s medium at the ICDDR,B, while
isoenzyme electrophoresis is already being done for 34 enzymes of
Giardia_intestinalis, including the 4 enzymes which distinguish
between strains of E.higstolytica. .

.

In addition, if the organiéms are established in axenic
culture, it will be possible to:make available to the Centre’s
physicians serological tests for amoebiasis. At the Amoebiasis
Unit of the Hospital for Tropical Diseases in London (the U.K.
national reference centre for amoebiasis), serum is firsf
screened by indirect fluorescence antibody tests and if

4
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antibodies are detected at .a titre of greater than or equal to
1:80 a cellulose acetate precipitin test is done (Moody, Personal
Communication). Such tests can be established easily once a
source of antigen is available and & local screening titre can be
established,

One of the investigators (JA) has been recently involved in
. the production of a monoclenal antibody which appears to bind
exclusively to isolates of E. histolytica with fast hexokinasé ™~
bands — a marker of pathogenicity (Strachan et al. 1988). This.
monoclonal antibody will be compared with iscenzyme
electrophoresis to detect pathogenic and non-pathogenic strains
of E.histolytica. )

PLAN OF RESEARCH ‘

Parasitological techniques
These are well established and will only be outlined here. To
isolate and culture E.histolvtica, fresh stools are incculated
into Robinson's medium (Robinson, 1968) and incubated for between
48 and 72 hours. Trophozoites are harvested when there are about
107 organisms and then lysed by freezing and thawing in the
presence of enzyme stabilisers (Sargeaunt & Williams, 1978).
After removing cell debris by centrifugation, drops of
supernatant are frozen in liguid nitrogen to prepare beads.
These beads are then unfrozen when required and applied to plates
in cellulose acetate electrophoresis or are soaked into cotton
threads for starch-gel electrophoresis. To distinguish between
zymodemes, isoenzyme electrophoresis is performed for the enzymes
lucose phosphate isomerase (EC 5.3.1.9), phosphoglucomutase (Eb
2.7.5.1), hexokinase (EC 2.7.1.1) .and L-malate: NADP+ b
oOxtdoreductase (oxaloacetate decarboxylating). Both cellulose
acetate and starch gel electrophoresis will be undertaken, but
every effort will be made to use only cellulose acetate
electrophoresis because of its simplicity and convenience. 1If
three beds are available then only one large bead would be
required Lo screen one isolate for all enzymes.

Controls of.pathogenic and non-pathogenic zymocdemes will be
obtained from the London School of Hygiene and Tropical Medicine.
The isoenzyme patterns of zymodemes of E.histolytica isolated in
epidemiological studies will-be classified according to the most
recent ‘zymodeme pattern available (Sargeaunt et al., 1878;
Sargeaunt, 1987b). Isolated organisms will be stained if
necessary to confirm the species of amoeba, and cloned if there

is evidence of more than one zymodeme in an isolate. Stocks of ., °~
different zymodemes will be stored in liquid nitrogen. *

Organisms will be established in axenic culture in Diamond’s
medium (Diamond et al. 1978) and used to provide antigens to
develop immunological tests for infection including a screehing
test by indirect fluorescence and 'a ceilulose acetate precipitin
test (Stamm & Phillips, 1977).

mn
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Epidemiological techniques ,
As stated above,, the ideal research to provide answers-to the
aims would be to estimate the prevalence of pathogenic.and-non- -
pathogenic straihs of E.histolytica in people of alil ages living
in both rural and urban communities, and the.prevalence of L e e e
amoebic infection and amoebiasis among patients who come for. ._- ... .
treatment at both rural and urban hospitals. However it is ‘
recognised that this would: be a: considerable and expensive
__undertaking. ; For this reason it is planned to begin work with a
“study based in'a hospital (Phase 1), a situation which should
result in some selection for amoebiasis and would ‘establish the
role of E.histolytica 'as a cause of dysentery.. o

Phase 1: an urban hospital. A1} faecal specimens collected as - R
part of the Surveillance System being conducted at the Dhaka
Treatment Centre of the ICDDR,B which are submitted to the -
Clinical Pathology Laboratory for microscopical.examination will N
be® inoculated. into Robinson's medium according to the methods -
described above. As a part of the surveillance system
information is routinely recorded about the clinicail
characteristics of all patients being studied-and -a stool sampte
from each patient is cultured for Salmonella spp, Shigella sSpp
and for Vibrio cholérae. This information will provide a ratio
of infections with Shigella to E.histolytica and of the clinical.
characteristics of patients infected with E.histolytica,

In 1988 a totatl of 2408 samples. were examined in the Clinical
Pathology Laboratory for the Surveillance System: if the

incidence of E.histolytica is taken to be 1.8% then only about 40
would have contained E.histolytica. Because this is a small

sample, in addition to the specimens from the Surveillance

System, all stools seen to contain trophozoites or cysts of

amoebae will also be inoculated into Robinson’'s medium by the

staff of the Clinical Pathology Laboratory. This will serve two )
- purposes: to determine the proportion of diagnosed infections

with E.histolytica which are of pathogenic zymodemes and’

secondly, to confirm the diaghosis of E.histolytica made by
microscopy. This sampling procedure would result in between 50

and 60 bottles of Robinson’s medium a week being prepared for
culture, of which between 5 and 10 are likely to -contain .-
E.histolytica. As the rate limiting step in.this.research is
isoenzyme electrophoresis, this number of samples is considered -
to be adequate at: the outset: if more samples can be processed .-
then the collection of samples will be expanded as outlined .- S
below. The culture and isocenzyme electrophoresis of amoebae

found will be offered as s diagnostic test.

Phase 2: a rural hospital. Faecal samples will be collected from
the Centre’s hospital at Matlab Field Station. A microscopical
examination of faéces is not done routinely in Matlab but for the
last 3 years more than 5000 faecal samples have been cultured
each year. A sampling procedure would be worked out by
discussion with. the staff of the Field Station and the
practicalities of sending to Dhaka bottles of Robinson’s medium
inoculated with faeces will be investigated.
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Phases 3 and 4: urban and rural communities. Ideally the
research should involve collecting a stool samplie from a random
but age-stratified sample of people living in both urban and
rural communities. Microscopy and the culture of stools in
Robinson’s medium would diagnose infections with E.histolytica
while isocoenzyme electrophoresis would disclose the carriage rate
of potentia]lx:pathogenic zymodemas in th? community.

However, conducting large scale field surveys simply to study
E.histolytica would be expensive and difficult, so it is proposed
either to join this research to another field project or to offer
the diagnosis of E.histolytica as a service to proposed research.
For example over the next 4 years a cohort study of cross-
protection rotavirus and Shigella serotypes is planned as well as
further vaccine trials. Such studies may provide material for
research on E.histolytica or may provide the organisation in
which research on E.histolytica could be performad.

Supplementary funds would be sought for such work.

Timetable of research

Year 1 Establishment of isocenzyme electrophoresis.
Establishment of hybridoma cells producing monoclonal
antibodies (MAbs) in vitro. Preparation of reagents
for testing amoebae for pathogenicity using MAbs.
Establishment of E.histolytica in axenic culture, -
Development of ind¥rect fluorescence antibody test and
cellulose acetate precipitin test as diagnostic tests
,for amoebiasis. :

Years 1-2 Phase 1: an urban hospita?l. '
Culture in Robinson’s medium of about 2,500 stools
collected as a part of the Dhaka Surveillance System
and of about 350 - 400 stools found to contain amoebae.
Blind testing of amoebae using both monocicnal
antibodies and by isoenzyme electrophoresis will be
done to distinguish between zymodemes.,

Years 2-3 Phase 2: a rural hospital. .
Establish a sampling procedure at Matiab Treatment
-Centre to inoculate stools into Robinson’s medium and
send. cultures found to-.contain amoebae to Dhaka for
testing. Blind testing of amoebae isolated.
Phases 3 and 4: urban and rural communities.
Establish a procedure to collect stool samplesfrom an
age-stratified sample of people living in urban and
rural Bangladesh. Blind testing:of amcebae isolated.
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> BUDGET FOR 3 YEAR PROJECT

Year 1 vYear 2 Year 3 Totatl

. Personnel _ : - -
Coinvestigator (NOA) : 8,816 © 9,908 “ 11,394 29,918
Laboratory Technician (Gs3) .3,864 47444 - 5,110 --13,418
Laboratory Technician (GS3)‘ 3,720 4,278 4,820 12,918
Laboratory Assistant {GS1) 2,784 3,202 3,682 9,668
-Operating costg E . .
Chemicals and media 5,000 5,000 5,000 15,000

. Glassware and plastics 4,000 3,000 1,000 - 8,000
Photocopying and mimeography 500 T 500 500 1,500
Shipping 2,400 - - "= 2,400
Hospital supplies 500 250 - 250 1,000
Cleaning supplies o : 100 100 <100 300
Maintenance, teiex, etc : 350 350 350 " 1,050

Other costs ' 1,000 1,000 1,000 3,000
Capital Equipment : : -
Pharmacia flat electrophoresis

ek - = e

| bed andg power supply ‘6,000 . “ : 6,000
2"x Helena cellulose acetate '

electrophoresis apparatus 7,000 - . 7,000
Objectives for jhverted .
" microscope - - _ , 750 ' 150
Jencons water stily - , 750 : © 750
Deioniser ' 1,200 1,200
Taylor-wharton 35VHC cryobank
and accessories 2,000 2,000
'ravel v : 200 400 400 1,000
Lomputing . 3 -

— o —— —— it — - - e Y

750,734 32,432 33,706 116,872

TOTAL OVER 3 YEARS Us$ 116,872
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Justification of budget

1. The cost of sa]ar1es for the staff required to undertake the
work comes to $53484, 56% of the totai.

2. Large volumes of.media will be required each week in order
- to cu]tute E.histolvtica.

3. A flat ajuminium electrophoresis bed will be required For
starch and polyacrylamide electrophoresis in order to keep
gels cool. A thermocirculator and cooler are already
availabte, - =~ - i !

4, One He1ena ce11u1ose acetate electrophoresis apparatus is

already available, but if 3 enzymes are to be studied then
three beds will be required to make the most efficient use
of enzyme beads, "

5. A supply of distilled deionisad water will be needed in the
Parasitology Laboratory.

6. The cryobank will be needed to store in 11qu1d nitrogen
‘ isolates of E.histolytica.
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Replies to comments on research proposal

“Establishment of techniques to identify pathogenic strains of
Entamoeba histolytica for use in clinical and epidemiclogical
studies in Bangladesh"”

' Dr. David Warhurst '

| His comments have been included and a more optimiétic} revised
- version was written, -
Dr. Ralph Neal

1. Morphological determination;of species

. ‘Suggestioh incorporaped. i Stained smears will be préhargd.

2. Serology

Once isoenzyme electrophoresis has been fully established a
' research proposal may be written in which blood would be

| coliected from asymptomatic cyst passers to detect antibodies.
-This would be submitted as a separate study.

3. Survey very in villages and towns

This point is recognised by the proposal already, but to set
lup a surveillance system to look only for E.histolytica when the
prevalence may be ho more than 10 - 15% would be extremely
expensive. It would be more cost effective to examine stools
provided during the course of other field research projects and

| such work will be included in forthcoming studies if it can be
larranged. ' - '

4, Cloning

L4

This -will be necessary if more than one.zymodeme is present
in an isolate, and it will be done.

'5 . WHO definition of amoebiasis
This definition fails to recognise that the .suffix "-jasis”
refers to the signs and symptoms of disease. To use the term

"amoebiasis” to indicate a state of infection as well as disease
is unfortunate and imprecise

6. Metronidazole

Who is the "he" in fhis sentence, Andrew Hall or Ralph Neal?
I consider metronidazole to be a toxic drug and side effects are
ommon. If Dr. Neal doesn’t the he is in a minority.



Axenic culture

Goint recognised, but I have considerable experience of
“lishing Giardia in axenic culture.

If necessary we can
o axen1c cu?tures from other sources in order to provide
Aans,

y

)istinguishing E.histo]ytica.fromuother-amoebae

*taining wil) do this (see point 1),



Review of Research Proposal
Establishﬁent of technigues to identify pathogenic strains of
Entamoeba histolytica for use in clinicat and: epidemiological . ---
studies in Bangladesh. - S

7} 1

by
Dr David Warhurst _ : C
Amoebiasis Unit T

Hospital for Tropical Diseases T
London Nw1 bl

-4,

and

Department of Parasitology . C :
London School of Hygiene and Tropical Medicine. . -
‘Keppel ;Street

London WC1E 7HT.

1

1. Reads wel7. ~

2. Page 2., Amoebiasisg is probably diagnQaad_mggg in_Mexico
than in any other country rather than being more common.
o ' ' Aat as Mr'h ‘““Ré
3. Fage 3, - It.is only common practice/to treat omosexttals in
the UK as the chances of reinfectidh are high. The same is
atgo true for Ind1a:.paéhegepic—aymedemes—ane-uneemmcn—ﬁnd
the chances of reinfection are high, soAinfections are often

teft untreated. _ . ,a41mykuw L
4, Phase 2. Ch]tured for what? ' )
n B ) ~ - : .
5. The proposal should be ‘more optimistic: it qs necessary to - --

know whether E.histolytica is important, not whether it is
unimportant ! ; -
Seinen ' . _ : A -
5. )PF little is known about E.histolytica in Bangladesh then
the work will -be useful and should be supported.

I}C()Q P\/‘kvub‘
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By Fax: 010 880 2 411846

Dr Saul Tzipori . :
Assuciale Director
Laberatory Sciences Division

TCDDR, R
GPO Rox 128 . X ’
Dhaka - oo - oo * . »

Bangladesh

"Dear Sanl

, .
1 enclose a copy of Dr R A Neal's comménys on our proposal - [ was quite
plevsed by them, >

He made a few olher comment.s on an 1nformal basias

1 Page 2 - the WHO definition of amocbiasis 13 simply the state of heing Ck
infeclod, with or without gymploms; - ' A
2 . Page 3 - he does not regard metronidazole as a toxic drug;-

3 " Page 5 - estahlishing now strains in axenlte cultyre 1g not eagy®

4 Page-7 - other amocba such as E.coli also grow 1n Rohinson s medium;

positive cultyres In our brotocol. These could then be examtned and only those
containing F.histolytica put in for zymodeme testing, What do you think? '

I hope this {s helpful, and that the project 1s soon fundud,

With very best wishes to yourself, Andrew and the others,

-~

Yours gincerely

J P Ackers
Scnior Lectyror
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Establishment of -techniques to ldentify pathogenic
strains of E. histolytica for use in ¢linical

and epidemiclogical studies . in Bangladesh

14

Basic data on the incidenceiof E histolytica infection

in Bangladesh 18:badly needéd and this proposal should be.
able to provide Some valuable information. All the
techniques; required are described., As far as {aolation

in culture is concerned there araea other systems (e.g.
Dobell & Laidlaw media) which are as good as the Robinson
method and might be considered in initial work. More
emphasis perhaps should be given to morphological
determination of spacies grown sinces the Rebinson system
is not specific for E, histolytica.

Zymodeme -analyais will provide a good opportunity to
chack the Sargoaunt thoory. Tallura o Lesl [wr serum
antibodies i3 a mistake though the difficulties are
appreciated and understood.

If the suFvey is limited.to hospital cases. the results
will be biased and may not indicate a true local or
national incidence. The authors are urged to link in
with othar survays nn a village or town baoio if psssibls,

Whether the Sargeaunt observation on the association of
certain zymodemes with pathogenicity is correct needs
further confirmation which studies such as these may
provide. ' It is hoped that studies on infectivity and
virulence as indicated by lysis of tissue culture cells
in vitro or by animal inoculation could be included in a
future, or better still, parallel proposal.

One tachnique ndt_mentioned in the proposal which may be
valuable in analysis of zqudemes is of course cloning.

poKd (‘Jm
Dr R A Neal
Winches Farm Laboratories
London School of Hygiene and Tropical Medicine
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